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GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 
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\3wmc.c contents 



□ wmc.pa— physical address 
Owrnc. size- size of contents - 

□ wmc. cv-con ten ts valid 

□ wmc.th- thread last used 
nwrnc.reg-register last used 
nwmc.rtv-register & thread valid 
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def data.flags <- AccessPhysicalLTB(pa,op,wdata) as 
th <- pa23..l9 
en <- pa6..4 

if (en < (1 || 0 LE )) and (th < T) and (pa 18 .. 6 =0) then 
case op of 
R: 

data <- 0 64 || LTBArray[th][en] 

W: 

LocalTBlui][en] <- wdata63..o 

endcase 

else 

data <- 0 

endif 
enddef 

Fig. 16 
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def ga, LocalProtect <- LocalTranslation(th,ba,la,pl) as 
if LB & (ba63..48 © Ia63..48> then 

raise AccessDisallowedByVirtualAddress 

end if 

me <- NONE 
fori+-0to(1 || 0 LE )-1 

if (I363..48 & -Loca!TB[th][i] 6 3..48) = Loca!TB[th][i] 47 ..32 then 
me <r- i 

endif 
endfor 

if me = NONE then 

if -ControlRegisterpi+s then 
raise LocalTBMiss 

endif 
ga <- la 

LocalProtect <- 0 

else 

ga <- (va63..48 A LocalTB[th][me]3i..i6) II va47..o 
LocalProtect <- LocalTB[th][me]i5..o 

endif 
enddef 
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def data,flags <— AccessPhysicalGTB(pa,op,wdata) as 

th<~-pa 2 3..19+GTl|0 GT 

en <— paig.,4 

if (en < (1 || 0 G )) and (th < T) and (pai 8 +GT..i9 = 0) then 
case op of 



R: 
W: 



data <- GTBArray[th 5 ..GT][en] 
GTBArray[th 5 ..GT][en] <- wdata 



else 



endcase 



data <- 0 



endif 



enddef 
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def pa.GlobalProtect <- GlobalAddressTranslation(th,ga,pl,lda) as 
me <- NONE 
fori<-0to(1 ||0 G )-1 

if GIobalTB[th 5 ..GT][i] * 0 then 

size <- (GlobalTB[th 5 ..GT][063..7 and (0 64 -GlobaITB(th 5 .. G T][']63..7)) II 0 8 
if ((ga63..8l|0 8 ) A (GlobaITB[th 5 ..GT][i]63..8l|0 8 )) and (0 64 -size)) = 0 then 
me <- GlobalTB[th5..GT]W 

endif 

endif 
endfor 

if me = NONE then 
if Ida then 

PerformAccessDetail(AccessDetailRequiredByLocalTB) 

endif 

raise GlobalTBMiss 

else 

pa *- (ga 6 3..8 A GlobalTB[th 5 ..GT][me] 12 7..72) II 937..0 

GlobalProtect <- GlobalTB[th5..GTltTie]71..64 II 0 1 || GIobaITB[th5..GT][^e]6..0 

endif 
enddef 
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def GTBUpdateWrite(th,fill f data) as 
me <r- NONE 
fori<-0to(1 ||0 G )-1 

size <- (G!obalTB[th 5 ..GT][i]63..7 and (0 64 -GlobalTB(th 5 ..GT][i]63..7)) II 0 8 
if ((data 63 .. 8 l|0 8 ) A (GlobalTB[th 5 „ G T][063..8l|0 8 » and (0 64 -size) = 0 then 
me <~ i 

endif 
endfor 

if me = NONE then 
if fill then 

GlobaiTB[th 5 ..GT]tGTBLast[th 5 ..GT]] <- data 
GTBLast[th 5 .. G T] <- (GTBLast[th 5 .. G Tl + 1 )G-1 ..0 
if GTBLast[th 5 ..GT] = 0 then 

GTBLast[th 5 ..GTl <- GTBFirst[th 5 .. G Tl 

GTBBump[th5..GT] <- 1 

endif 

endif 

else 

GlobalTB[th5..GT]l m e] «- data 

endif 
enddef 
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def data.flags <- AccessPhysicalGTBRegisters(pa,op,wdata) as 
th <- pa 2 3..l9+GT II 0 GT 
rn«-pa 18 ..8 

if (rn < 5) and (th < T) and (pa-|8+GT..19 = °) and (P&7.A = °) then 
case rn || op of 



0 I 


I R, 1 II R. 




Hat a 4 O 


0 ! 


| W, 1 || W: 




GTBUpdateWrite(th,rn 0 ,wdata) 


2 I 


|R: 




data <- 0 64 - 0 || GTBLast[th 5 ..GT] 


2 I 


| W: 




GTBLast[th5..GT] <- w datao-i..o 


3 I 


|R: 




data <- O 64 ^ || GTBFirst[th 5 ..GTl 


3 I 


| W: 




GTBFirstphs gt] <~ wdataQ-1 0 


3 I 


|R: 




data <- 0 63 || GTBBump[th 5 ..GT] 


3 I 


| W: 




GTBBump[th5 # gt] <- wdatao 



endcase 

else 

data <- 0 

endif 
enddef 
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\ G.BOOLEAN [ Group Boolean 

Equivalencies 



G.AAA 


Group three-way and j 


G.AAA. 1 


Group add add add bits 


G.AAS.1 


Group add add subtract bits 


G.ADD.1 


Group add bits 


G.AND 


Group and 


G.ANDN 


Group and not j 


G.COPY 


Group copy 


G.NAAA 


Group three-way nand 


G.NAND 


Group nand 


G.NOOO 


Group three-way nor 


G.NOR 


Group nor 


G.NOT 


Group not 


G.NXXX 


Group three-way exclusive-nor 


G.OOO 


Group three-way or 


G.OR 


Group or 


G.ORN 


Group or not 


G.SAA.1 


Group subtract add add bits 


G.SAS.1 


Group subtract add subtract bits 


G.SET 


Group set 


G.SET.AND.E.1 


Group set and equal zero bits 


G.SET.AND.NE.1 


Group set and not equal zero bits 


G.SET.E.1 


Group set equal bits 


G.SET.G.1 


Group set greater signed bits 


G.SET.G.U.1 


Group set greater unsigned bits 


G.SET.G.Z.1 


Group set greater zero signed bits 


G.SET.GE.1 


Group set greater equal signed bits 


G.SET.GE.Z.1 


Group set greater equal zero signed bits 


G.SET.L.1 


Group set less signed bits 


G.SET.L.Z.1 


Group set less zero signed bits 


G.SET.LE.1 


Group set less equal signed bits 


G.SET.LE.U.1 


Group set less equal unsigned bits 


G.SET.LE.Z.1 


Group set less equal zero signed bits 


G.SET.NE.1 


Group set not equal bits 


G.SET.GE.U.1 


Group set greater ecjual unsigned bits 


G.SET.L.U.1 


Group set less unsigned bits 



Fig. 31 A 



G.SSA.1 


Group subtract subtract add bits 


G.SSS.1 


Group subtract subtract subtract bits 


G.SUB.1 


Group subtract bits 


G.XNOR 


Group exclusive-nor 


G.XOR 


Group exclusive-or 


G.XXX 


Group three-way exclusive-or 


G.ZERO 


Group zero 




AN AAA ■■ ., f <^T>t — -~ ..L. 

G.AAA rd@rc,rb 


AN 1"^ AN 1 r AM —~J /2\ _L. AL. 4 AAAAAAA 

<r- G.BOOLEAN rd@rc,rb,0b1 0000000 


AN AAA A ■ - 1 T>< _ _. 1 

G.AAA. 1 rd@rc,rb 


G.XXX rd@rc,rb 


G.A4S. f rd@rc,rb 


AN W V/ I l 

~» G.XXX rd@rc,rb 


G.ADD.1 ra-rcjb 


— » G.XOR rd=rc f rb 


G.AND rd=rc,rb 


<r- G.BOOLEAN rd@rc,rb,0b1 0001 000 


G.ANDN rd-rc,rb 


<- G.BOOLEAN rd@rc,rb,0b01000100 


G.BOOLEAN rd@rb,rc,i 


-> G.BOOLEAN rd@rc,rb,i7*i5i6i4i3il 


G.COPYrd=rc 


<- G.BOOLEAN rd@rc,rc,0b1 0001000 


G.NAAA. rd@rc,rb 


<- G.BOOLEAN rd@rc,rb,0b01 111111 


G.NAND rd=rc,rb 


<- G.BOOLEAN rd@rc,rb,0b01 110111 


G.NOOO rd@rc,rb 


<r- G.BOOLEAN rd@rc,rb,0b00000001 | 


G.NOR rd=rc,rb 


<- G.BOOLEAN rd@rc,rb,0b00010001 


G.NOTrd=rc 


<- G.BOOLEAN rd@rc,rc,0b000 10001 


G.NXXX rd@rc,rb 


<- G.BOOLEAN rd@rc,rb,0b01 101001 


G.OOO rd@rc,rb 


<- G.BOOLEAN rd@rc,rb,0b1 11 11110 


G.OR rd=rc,rb 


<- G.BOOLEAN rd@rc,rb,0b1 1101 110 | 


G.ORN rd=rc,rb 


<- G.BOOLEAN rd@rc,rb,0b1 101 1 101 


G.SAA.1 rd@rc,rb 


G.XXX rd@rc,rb | 


G.SAS.1 rd@rc,rb 


G.XXX rd@rc,rb 


G.SETrd 


<- G.BOOLEAN rd@rd,rd,0b1 0000001 


G.SET.AND.E.1 rd=rb,rc G.NAND rd=rc,rb 


G.SET.AND.NE.1 rd=rb,rc G.AND rd=rc,rb 


G.SET.E.1 rd=rb,rc 


G.XNOR rd=rc,rb 


G.SET.G.1 rd=rb,rc 


->. G.ANDN rd=rc,rb 


G.SET. G. U. 1 rd=rb,rc 


G.ANDN rd=rb,rc | 


G.SET.G.Z.1 rd=rc 


G.ZERO rd 


G.SET.GE.1 rd=rb,rc 


-> G.ORN rd=rc,rb 


G.SET.GE.Z.1 rd=rc 


-> G.NOT rd=rc 


Fig. 31 A (cont'd) 



G.SET.L.1 rd=rb,rc 


-> 


G.ANDN rd=rb,rc 


G.SET.LZ.1 rd=rc 


— > 


G.COPY rd=rc 


G.SET.LE.1 rd=rb,rc 


— » 


CORN rd=rb,rc 


G.SET.LE.U.1 rd=rb,rc 


-> 


CORN rd=rc,rb 


G.SET.LE.Z.1 rd=rc 


— > 


CSET rd 


G.SET.NE.1 rd=rb,rc 


— > 


CXOR rd=rc,rb 


G. SET. GE. U. 1 rd=rb,rc 


-> 


CORN rd=rb,rc 


G.SET.LU.1 rd=rb,rc 


-» 


G.ANDN rd=rc,rb 


G.SSA.1 rd@rc,rb 


— > 


G.XXX rd@rc,rb 


G.SSS.1 rd@rc,rb 


-> 


G.XXX rd@rc,rb 


G.SUB.1 rd=rc,rb 


-» 


CXOR rd=rc,rb 


G.XNOR rd=rc,rb 


<— 


G. BOOLEAN rd@rc,rb,0b1 001 1001 


G.XOR rd=rc,rb 


<— 


CBOOLEAN rd@rc,rb,0b01100110 


G.XXX rd@rc,rb 


«— 


G.BOOLEAN rd@rc,rb,0b10010110 


G.ZERO rd 


<— 


CBOOLEAN rd@rd,rd,0b00000000 



Selection 



operation 


function (binary) 


function (decimal) 


d 


11110000 


240 


c 


11001100 


204 


b 


10101010 


176 


d&c&b 


10000000 


128 


(d&c)|b 


11101010 


234 


d|c|b 


11111110 


254 


d?c:b 


11001010 


202 


d^b 


10010110 


150 


~d A c A b 


01101001 


105 


0 


00000000 


0 



Fig. 31 A (cont'd) 



Format 

G. BOOLEAN rd@trc,trb,f 
rd=gbooleani(rd,rc,rb,f) 

31 252423 18 17 12 11 65 

|~g7boolean |ih| rd I rc I rb | il 

7 1 6 6 6 6 

if f6=f5 then 

if f2=fi then 

if f2 then 

rc <r- max(trc,trb) 
rb <- min(trc,trb) 

else 

rc <- min(trc,trb) 
rb <- max(trc,trb) 

endif 
ih<-0 

il^0||f 6 ||f7||f4||f3l|f0 

else 

if f2 then 

rc <r- trb 
rb trc 

else 

rc <r- trc 
rb <- trb 

endif 
ih<-0 

Ilf6l|f7l|f4l|f3l|f0 . 

endif 

else 

ih<- 1 
if f6 then 

rc <r- trb 

rb <r- trc 

"<-fl I|f2l|f7l|f4l|f3l|f0 

else 

rc <- trc 
rb <- trb 

H^f2l|fl I|f7l|f4l|f3l|f0 

endif 

endif 

Fig. 31B 



Definition 

def GroupBoolean (ih f rd t rc,rb,il) 
d +- RegRead(rd, 128) 
c <- RegRead(rc, 128) 
b <r- RegRead(rb, 128) 
if ih=0 then 

if il5=0 then 

f<-il 3 || H 4 II »4 II H2 II "I II (rc>rb)2 || il 0 

else 

f*-il3l|i«4l|il4l|il2l|ill II 0 || 1 || il 0 

endif 

else 

' f<-il 3 ||0||1 ||il 2 ||ill II H 5 II H4 II Ho 
endif 

for i <- 0 to 127 by size 

a i^ f (dil|Cil|bj) 
endfor 

RegWrite(rd, 128, a) 
enddef 



Exceptions 

none 



Fig. 31C 



Operation cod s 



I G.MUX 


| Group multiplex 


i 


Redundancies 


G.MUX ra=rd,rc f rc 


<=> 


G.COPY ra=rc 


G.MUX ra=ra,rc,rb 


<=> 


G. BOOLEAN ra@rc,rb,0x1 1001010 


G.MUX ra=rd,ra,rb 


<=> 


G.BOOLEAN ra@rd,rb,0x1 1 100010 


G.MUX ra=rd,rc,ra 


<=> 


G.BOOLEAN ra@rd,rc,0x1 101 1000 


G.MUX ra=rd,rd,rb 


<=> 


G.OR ra=rd,rb 


G.MUX ra=rd,rc,rd 


<=> 


G.AND ra=rd,rc 



Format 



G.MUX ra=rd,rc,rb 
ra=gmux(rd,rc,rb) 

31 24 23 18 17 12 11 6 5 0 

|" G.MUX I rd | rc I rb | ra | 

8 6 6 6 6 

Fig. 31D 



Definition 

def GroupTernaryfop.size.rd.rc.rb.ra) as 
d <- RegRead(rd, 128) 
c <- RegRead(rc, 1 28) 
b <- RegRead(rb, 128) 
case op of 
G.MUX: 

a <- (c and d) or (b and not d) 

endcase 

RegWrite(ra, 128, a) 
enddef 

Exceptions 

none 

Fig. 31D 



G ADD 8 


Group add bytes 


G ADD 16 


Group add doublets 


G ADD 32 


Group add quadlets 


G ADD 64 


Group add octlets 


G ADD 128 


Group add hexlet 


G ADD L 8 


Group add limit signed bytes 


G ADD L 16 


GrouD add limit sianed doublets 


G ADD L 32 


GrouD add limit sianed auadlets 

^ i 1 V/ V» fc^ Wi V# Vi III 1 1 1 % 1 VJ 1 1 \m+ VP V4 VI V* VP 1 V* ^ Vn» 


G ADD L 64 


GrouD add limit sianed octlets 

V 1 Vr VI VI III 1 M V yy ■ V^** V# V^ mm V 


G ADD L 128 


Group add limit signed hexlet 


G ADD L U 8 


GrouD add limit unsianed bvtes 


G ADD L U 16 


Group add limit unsigned doublets 


G ADD L U 32 


GrouD add limit unsianed auadlets 

1 w VI mr M VP VI III ■ III VI 1 1 Vr 1 VI 1 r V* Vff VI VI V* \m I V*" % VP 


G ADD L U 64 


Group add limit unsigned octlets 


G ADD L U 128 


Group add limit unsigned hexlet 


G ADD 8 O 


GrouD add sianed bvtes check overflow 

V^ I V# VI V4 VI VI V» ■ yj 1 1 V VI VF W IV V 1 ■ V^ V^w X V^ W III W W 


G.ADD.16.0 


Group add signed doublets check overflow 


G.ADD.32.0 


Group add signed quadlets check overflow 


G.ADD.64.0 


Group add signed octlets check overflow 


G.ADD.128.0 


Group add signed hexlet check overflow 


G.ADD.U.8.0 


Group add unsigned bytes check overflow 


G.ADD.U.16.0 


Group add unsigned doublets check overflow 


G.ADD.U.32.0 


Group add unsigned quadlets check overflow 


G.ADD.U.64.0 


Group add unsigned octlets check overflow 


G.ADD.U.128.0 


Group add unsigned hexlet check overflow 



Fig. 32A 



Format 

G.op.size rd=rc,rb 
rd=gopsize(rc,rb) 

31 24 23 18 17 12 11 65 0 

I G.size | rd | re I rb | op 

8 6 6 6 6 



Fig. 32B 



Definition 

def Groupfop^ize/d.rc.rb) 
c <- RegRead(rc, 128) 
b <~ RegRead(rb, 128) 
case op of 
G.ADD: 

for i <r- 0 to 128-size by size 

3i+size-1..i <~ c i+size-1..i + bi+size-1..i 
endfor 
G.ADD.L: 

for i <- 0 to 128-size by size 

t «- (Cj+size-1 II Cj+ S ize-1..i) + (&i+size-1 II &i+size-1..i) 

ai+size-1..i <- (tsize * t S ize-l) ? (tsize II tfggll) : t S ize-1..0 
endfor 
G.ADD.L.U: 

for i <- 0 to 1 28-size by size 

t <r- (0 1 || c i+S ize-1.j) + (0 1 II bj+size-Lj) 
ai+size-1..i <- (tsize * 0) ? (1 size ) : t slze -i..o 
endfor 
G.ADD.O: 

for i <r- 0 to 128-size by size 

t <- (q+size-1 II c i+size-1..i) + (bj+size-1 II &i+size-1 ..i) 
if tsize * *size- 1 then 

raise FixedPointArithmetic 

end if 

a i+size-1 ..i t S j 2e _i „o 
endfor 
G.ADD.U.O: 

for i <r- 0 to 128-size by size 

t <- (0 1 || Ci + size-1..i) + (0 1 || b i+S ize-1..i) 
if tsize * 0 then 

raise FixedPointArithmetic 

endif 

a i+size-1..i <~ t S j ze -1..0 
endfor 

endcase 

RegWrite(rd, 128, a) 
enddef 



Exceptions 

Fixed-point arithmetic 



Fig. 32C 



Operation codes 



G SET AND E 8 


Group set and equal zero bytes 


G SET AND E 16 


Group set and equal zero doublets 


G SET AND E 32 


Group set and equal zero quadlets 


G SFT AND F 64 


GrouD set and eaual zero octlets 


G QFT AND F 198 


Groun set and eaual zero hexlet 


G QFT AND NF 8 


Grouo set and not eaual zero bvtes 


QFT AMR MP 18 

vj.OC 1 ./AINL/. IN l. 1 U 


C^roun set anr! not eaual zero douhlets 


QCT AMR MP *\? 
O.Ol 1 .nlNU.INCO^ 


f^roi m cot and not omial 7oro miaHlotc 

VJI UUp OW I dl IVJ 1 IL/l LiCl 1 L/ LJUdUlwlO 


CX QPT AMn MP 84 


f^roi m Qpt anri not on i rat 7prn nf^tlotc 

VJIUUf/ oCl CM Ivi 1 ILH wLJUdi t.CI U UVllClo 


QPT AMn MP 198 


f^roi in cpt and not pn i iaI 7pm hovlot 

vl UUp OCl dl IU 1 HJl wLJUdl £JG\ \J 1 lUAlCl 


CZ QPT P 8 
O.Ol I .CO 


f^roi in Qot om lal hx/toc 

wIUUL/ OCl wLjUdl uyico 


Oct p He 

O.Ol I . L. ID 


C^roim cot pni ial Hoi ihlotc 

\J1 \J\J\J Ovl wLJUdl UUUUICIO 


ri qpt P **9 


r^roi in Qpt phi ol miaHlotc 

VJlVJULs od Cv^ Lid 1 LjUdUlwlO 


O.Ol 1 . 


Groun set eaual opt lets 


QPT P 198 

O.OC 1 . L. 1 


C^roun set eaual hevlet 

\Jl vUp Owl WVjUdl 1 IwAlwl 


qpt HP ft 

O.OE i . O CO 


f^ronn cot nreatpr onnal ^innpH hufpQ 
i uujj owi ^luaici wLfLJCii oiyi icu L/y ICO 


r; qpt r^p ir 

O.Ol 1 .Ol. lu 


f^roi in Qpt nrpatpr pni ial QinnpH Hoi ihlotc 
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Equival ncies 
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G.SET.E.Z.size rd=rc 


<— 


G.SET.AND.E.size rd=rc,rc 


G.SET.G.Z.size rd=rc 


<= 


G.SET.L.U.size rd=rc,rc 


G.SET.GE.Z.size rd=rc 


<= 


G.SET.GE.size rd=rc,rc 


G.SET.L.Z.size rd=rc 


<= 


G.SET.L.size rd=rc,rc 


G.SET.LE.Z.size rd=rc 


<= 


G.SET.GE.U.size rd=rc,rc 


G.SET.NE.Z.size rd=rc 


<— 


G.SET.AND.NE.size rd=rc,rc 


G.SET.G.size rd=rb,rc 


— » 


G.SET.L.size rd=rc,rb 


G.SET.G.U.size rd=rb,rc 


-> 


G.SET.L.U.size rd=rc,rb 


G.SET.LE.size rd=rb,rc 


— » 


G.SET.GE.size rd=rc,rb 


G.SET.LE.U.size rd=rb,rc 


— > 


G.SET.GE.U.size rd=rc,rb 
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Format 



G.op.size rd=rb,rc 
rd=gopsize(rb,rc) 

31 24 23 18 17 12 11 65 0 

I G.size | rd | rc | rb | op | 

8 6 6 6 6 



Fig. 33B 



Definition 

def GroupReversed(op,size,rd,rc,rb) 
c +- RegRead(rc, 128) 
b <- RegRead(rb, 128) 
case op of 
G.SUB: 

for i <r- 0 to 128-size by size 

a i+size-1..i «~ bj+ S j Z e-1..i - Cj+ S j ze _<|..j 
endfor 
G.SUB.L: 

for i <r- 0 to 128-size by size 

t <- (bi+ S i Z e-i || bj +S j ze -i..j) - (Cj+size-1 II c i+size-1..i) 

aj+ S ize-1..i <- Osize * *size-1> ? Osize II *IE£1) : t s j ze -1. 
endfor 
G.SUB.LU: 

for i <- 0 to 128-size by size 

t <- (0 1 || b i+S ize-1..i) - (0 1 || Ci +S i ze .i.j) 

aj+size-1 ..i «- Osize * 0) ? 0 si2e : t size -i ..o 
endfor 
G.SUB.O: 

for i +- 0 to 128-size by size 

t <- (bj+size-1 II bj+size-1 ..i) - (Cj+size-1 II Cj+ S ize-1..i) 
if (tsize^t S i 2e -l)then 

raise FixedPointArithmetic 

endif 

aj+size-1 J <- We-1..0 
endfor 
G.SUB.U.O: 

for i <- 0 to 128-size by size 

t <- (0 1 || bj+size-1 ..i) - (0 1 || Ci + si ze -l..i) 
if (tsize * 0) then 

raise FixedPointArithmetic 

endif 

aj+size-1 ..i<-tstze-1..0 
endfor 
G.SET.E: 

for i <- 0 to 128-size by size 

aj+size-1. .i <- (bj+size-1. .i = q+size-1..i) size 
endfor 
G.SET.NE: 

for i <- 0 to 1 28-size by size 

aj+size-1. .i <- (bj+size-1. .i * Cj+size-1..i) slze 
endfor 
G.SET.AND.E: 

for i +- 0 to 128-size by size 

aj+size-1. J *- ((bj+size-1. J and Cj +S j ze -i..j) = 0) size 
endfor 

Fig. 33C 



G.SET.AND.NE: 

for i <- 0 to 128-size by size 

aj+size-L.i <- ((bj+size-1 ..i and Cj+ s j Z e-1..i) * 0) size 
endfor 
G.SET.L: 

for i <- 0 to 128-size by size 

ai+size-1..i <- (0*c = rb) ? (bj +S j ze -1..i < 0) : (bj+ S ize-1..i < Cj+ S ize-1..i)) size 
endfor 
G.SET.GE: 

for i <- 0 to 128-size by size 

aj+size-L.i <- ((rc = rb) ? (bi +S i ze -i..i £ 0) : (bj +S ize-1..i * Cj +S j ze -i..j)) size 
endfor 
G.SET.L.U: 

for i <- 0 to 128-size by size 

aj+size-1..i <- ((rc = rb) ? (bj+ S j 2e -i..i > °) : 
((0 || b| +S ize-1..i) < (0 || c i+size -i..i))) size 

endfor 
G.SET.GE.U: 

for i <- 0 to 128-size by size 

ai+size-1 ..i «- (frc = rb) ? (b j+S ize-1 ..i ^ 0) : 
((0 || b i+ size-1..i) * (0 II c i+size -i.j))) size 

endfor 

endcase 

RegWrite(rd, 128, a) 
enddef 



Exceptions 

Fixed-point arithmetic 
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Ensemble divide unsigned octlets 
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Ensemble multiply signed bytes 
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Ensemble multiply signed doublets 
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Ensemble multiply signed quadlets 
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Ensemble multiply signed octlets 
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Ensemble multiply sum signed bytes 
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Ensemble multiply sum signed doublets 
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Ensemble multiply sum signed quadlets 
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Ensemble multiply sum signed octlets 
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Ensemble complex multiply bytes 
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E.MUL.SUM.C.8 
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Ensemble multiply sum mixed-signed bytes 
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Ensemble multiply sum mixed-signed quadlets 
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Ensemble multiply sum mixed-signed octlets 
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Ensemble multiply sum unsigned bytes 


E.MUL.SUM.U.16 


Ensemble multiply sum unsigned doublets 
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Ensemble multiply sum unsigned quadlets 
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Format 

E.op.size rd=rc,rb 
rd=eopsize(rc,rb) 

31 " 24 23 18 17 12 11 65 0 

r E.size | rd | re | rb | op "| 

8 6 6 6 6 
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D finition 



def mul(size,h,vs,v.i,ws,w,j) as 

mul <- ((vs&v size _ 1+i ) h - slze || Vsize-1+i.j) * ((ws&w sjze . 1+j ) h - size || w size -i+j..j) 
enddef 

def c «- PolyMuItlply(size f a ( b) as 

for k 4- 0 to size-1 

p[k+1] <- p[k] * a k ? (rjsize-k | ( b || 0 k) . resize 

endfor 
c <- p[size) 
enddef 

def Ensemble(op,size,rd,rc,rb) 
c<- RegRead(rc, 128) 
b <- RegRead(rb, 128) 
case op of 

E.MUL:, E.MUL.C:, EMULSUM, E.MUL.SUM.C, E.CON, E.CON.C. E.DIV: 

cs <- bs <- 1 
E.MUL.M:, EMUL.SUM.M, E.CON.M: 

cs <- 0 

bs<- 1 

E.MUL.U:. EMUL.SUM.U, E.CON.U, E.DIV.U, E.MUL.P: 
cs «- bs <- 0 

endcase 
case op of 

E.MUL, E.MUL.U. E.MUL.M: 

for i «- 0 to 64-size by size 

d 2*(i+size)-1..2*i <~ mu!(size,2*size,cs,c,i,bs,b,i) 

endfor 
E.MUL.P: 

for i <- 0 to 64-size by size 

d2*(i+size)-1 ,.2*i «- PolyMultipfyfcize.Csjze-i +i..j.b s jze-1 +i..i) 

endfor 
E.MUL.C: 

for i 4- 0 to 64-size by size 
if (i and size) = 0 then 

p <- mul(size,2*size,1 ,c,i,1,b,i) - mul(size,2*size,i f c,i+size,1,b,i+size) 

else 

p mul(size,2*size,1.c,i.1,b,i+size) + mul(size,2*size,1,c,i,1,b,i+size) 

endif 

o"2*(i+size)-1 ..2*i <- P 

endfor 

E.MUL.SUM, E.MUL.SUM.U, E.MUL.SUM.M: 
p[0]<-0 128 

for i «- 0 to 128-size by size 

pp+size] <- p[i] + mul(size,128,cs,c,i,bs,b,i) 

endfor 
a<-p[128] 
E.MUL.SUM.C: 

p[0] <- 0 64 
p[size] <- 0 64 

for i <- 0 to 128-size by size 
if (i ana size) = 0 then 

pp-»2*sizej 4- p[i] + mul(size,64,1,c,i,1 f b,i) 

- mu!(size,64 t 1 t c t i+size,1 ,b,i+size) 

else 

pp+2*sizej <- pp] + mul(size,64,1,c,i,1,b,i+size) 

+ mul(size,64,1,c t i+size,1.b.i) 

endif 

endfor 

a<-p[128+size] || p[128] 
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E.CON, E.CON.U, E.CON.M: 
p[0] <- 0 128 

forj«-Ot 64-siz by size 

for i 4- 0 to 64-size by size 

pD+size]2*(j+size)-1..2*i «- PtD2*(Ksize>-1..2*i + 
mul(size t 2*size,cs,c,i+64-j,bs.b,j) 

endfor 

endfor 
a <- p[64] 

E.CON.C: 

p[0] <- 0 128 

for j <- 0 to 64-size by size 

for i <- 0 to 64-size by size 

if ((H) and j and size) = 0 then 

pD+size]2*(j+size)-1..2*i *- PDl2*(i+size)-1..2 # i 
mul(size,2*size l 1,c v l+64 T j l 1,bj) 

else 

pD+size] 2 *(i+ S ize)-1..2*i «- PDl2*(i+size)-1..2*i 
mul(size,2*size,1,c,i+64-j+2*size,1,b,j) 

endif 

endfor 

endfor 
a <- p[64] 

E.DIV: 

if (b = 0) or ( (c = (1 HO 63 )) and (b = 1 64 ) ) then 
a undefined 

else 

q<-c/b 
r <- c - q*b 

a *- r 63..0 II 963..0 

endif 
E.DIV.U: 

if b = 0 then 

a «- undefined 

else 

q<-<0 || c)/(0 || b) 
r<-c-(0||q)*<0 || b) 
a *- r 63..0 II °.63„0 

endif 

endcase 

RegWrite(rd, 128, a) 
enddef 



Exceptions 

none 
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vj.OVJIVl.L.lO 


oioup compaie oiyiieu icoo uuuuieio 


0 rnKii 1 00 


oroup compare signea less quauiets 


r> r^rMv/i 1 c/i 
Lj.OUM.L.d^ 


oroup compare signea less ocueis 




oioup coiiipaie siyiieu less iieAiei 


o.UL/M.L.U.O 


firAiin r»r\mr\oro locc i mcinnoH n\/toc 

oroup compare less unsigneu uytes 


V^.OUM.L.U.lD 


oroup compare less unsignea aouoiets 


O f*/"MVyi 1 1 1 QO 

0 . UU M . L . U . oZ 


f^mt m /^omnoro locc ■ meinnoH niio/Hlofc 

oroup compare less unsigneu quaaiets 


ri POM 1 1 J R4 

w.vUIVI.L.U.vrt 


Grouo com Da r© less unsianed octlets 


G.COM.L.U.128 


Group compare less unsigned hexlet 


G.COM.NE.8 


Group compare not equal bytes 


G.COM.NE.16 


Group compare not equal doublets 


G.COM.NE.32 


Group compare not equal quadlets 


G.COM.NE.64 


Group compare not equal octlets 


G.COM.NE.128 


Group compare not equal hexlet 
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Format 



G.COM.op.size rd,rc 
G.COM.opz.size red 

gcomopsize(rd,rc) 

31 24 23 18 17 12 11 6 5 0 

I G.size | rd | rc | op | GCOM I 

8 6 6 6 6 



Fig. 35B 



Definition 

def GroupCompare(op,size,rd,rc) 
d <- RegRead(rd t 128) 
c <- RegRead(rc, 128) 
case op of 

G.COM.E: 

for i <- 0 to 128-size by size 

ai+size-1..i «- (di+ s ize-1..i = q+size-1..i) s,ze 
endfor 
G.COMJME: 

for i <r- 0 to 128-size by size 

ai+size-1..i <- (dj+ S ize-1..i * q+size-1..i) s,ze 
endfor 
G.COM.AND.E: 

for i <- 0 to 128-size by size 

ai+size-1..i <- ((q+size-1..i and dj +S j Z e-1..i) = 0) size 
endfor 
G.COM.AND.NE: 

for i <- 0 to 128-size by size 

ai+size-1..i «- ((q+size-1..i and dj +S ize-1..i) * 0) slze 
endfor 
G.COM.L: 

for i <- 0 to 128-size bysize 

ai+size-1J <- ((rd = re) ? (q+ S ize-1..i < 0) : (dj +S ize-1..i < q+size-1..i)) size 
endfor 
G.COM.GE: 

for i <— 0 to 128-size by size 

aj+size-1..i «- ((rd = rc) ? (q +S ize-1..i ^ 0) : (dj+ S j ze -i j > q+size-1..i)) sjze 
endfor 
G.COM.L.U: 

for i <- 0 to 128-size by size 

ai+size-1..i «- ((rd = rc) ? (Cj +S j ze -1.J > 0) : 
((0 || d +S ize-1 .J) < (0 || q+size-1 ..i)» slze 

endfor 
G.COM.GE.U: 

for i <r- 0 to 128-size by size 

aj+size-1..i <- ((rd = rc) ? (Cj +S j ze -i..j <> 0) : 
((0 || d i+ size-1..i) ^ (0 || q +size -1..i))) size 

endfor 

endcase 

if (a * 0) then 

raise FixedPointArithmetic 

endif 
enddef 



Exceptions 

Fixed-point arithmetic 
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E.LOG.MOST.8 


Ensemble log of most significant bit signed bytes 


E.LOG.MOST.16 


Ensemble log of most significant bit signed doublets 


E.LOG.MOST.32 


Ensemble log of most significant bit signed quadlets 


E.LOG.MOST.64 


Ensemble log of most significant bit signed octlets 


E.LOG.MOST.128 


Ensemble log of most significant bit signed hexlet 


E.LOG.MOST.U.8 


Ensemble log of most significant bit unsigned bytes 


E.LOG.MOST.U.16 


Ensemble log of most significant bit unsigned doublets 


E.LOG.MOST.U.32 


Ensemble log of most significant bit unsigned quadlets 


E.LOG.MOST.U.64 


Ensemble log of most significant bit unsigned octlets 


E.LOG.MOST.U.128 


Ensemble log of most significant bit unsigned hexlet 


E.SUM.8 


Ensemble sum signed bytes 


E.SUM.16 


Ensemble sum signed doublets 


E.SUM.32 


Ensemble sum signed quadlets 


E.SUM.64 


Ensemble sum signed octlets 


E.SUM.U.1 


Ensemble sum unsigned bits 


E.SUM.U.8 


Ensemble sum unsigned bytes 


E.SUM.U.16 


Ensemble sum unsigned doublets 


E.SUM.U.32 


Ensemble sum unsigned quadlets 


E.SUM.U.64 


Ensemble sum unsigned octlets 



Selection 



class 


op 


size 


sum 


SUM 


8 16 32 64 


SUM.U 


1 8 16 32 64 


log most 
significant bit 


LOG.MOST LOG.MOST.U 


8 16 32 64 128 



Fig. 36A 



Format 

E.op.size rd=rc 
rd=eopsize(rc) 

31 24 23 18 17 12 11 6 5 0 

I E.size | rd | rc | op | E.UNARY I 

8 6 6 6 6 



Fig. 36B 



Definition 



def EnsembleUnary(op,size,rd f rc) 
c <- RegRead(rc, 1 28) 
case op of 

E.LOG.MOST: 

for i <- 0 to 128-size by size 
if (Ci+size-1..i =0) then 
3i+size-1..i <- -1 

else 

for j <r- 0 to size-1 

if Csize-1+i..j+i = (clize^^i II not c size-1+l) then 
ai+size-1..i <- j 

endif 
endfor 

endif 
endfor 
E.LOG.MOSTU: 

for i <- 0 to 128-size by size 
if (Ci+size-1..i =0) then 
a i+size-1..i -1 

else 

for j <r- 0 to size-1 

ifcsize-1 + i..j + i = (0 si2e - 1 -i!|1)then 

3i+size-1..i <~ J 

endif 
endfor 

endif 
endfor 
E.SUM: 

p [0 ] <_ o 128 

for i <- 0 to 128-size by size 

p[i+size] <- pp] + (cjggl^p || C size-1+Li) 
endfor 
a<-p[128] 
E.SUMU: 

p[0J <~ 0 128 

for i <- 0 to 128-size by size 

p[i+size] <r- p[i] + (0l 28 -size || c size -i +U ) 
endfor 
a<-p[128] 

endcase 

RegWrite(rd, 128, a) 
enddef 

Exceptions 

none 
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Floating-point function Definitions 

def eb <- ebits(prec) as 
case pref of 



16: 






eb «- 5 


32: 






eb<-8 


64: 






eb<-11 


128: 






eb<-15 



endcase 
enddef 

def eb <- ebias(prec) as 

eb 0 || iebits(prec)-1 
enddef 

def fb <- fbits(prec) as 

fb <- prec - 1 - eb 
enddef 

def a «- F(prec, ai) as 
a.s «- aip r ec-1 
ae <r- aip r ec-2..fbits(prec) 
af <-aifbits(prec)-1..0 
jf ae=1 ebits(prec) ^ 

ifaf = Othen 

a.t <- INFINITY 

elseif affbits(prec)-1 tnen 
a.t <- SNaN 
a.e <r- -fbits(prec) 
a.f<-1 || afft>its(prec)-2..0 

else 

a.t <- QNaN 
a.e <- -fbits(prec) 
a.f «- af 

endif 



Fig. 37 



elseif ae = 0 then 
if af = 0 then 

a.t <- ZERO 

else 

a.t <- NORM 

a.e <- 1-ebias(prec)-fbits(prec) 
a.f<-0||af 

endif 

else 

a.t <- NORM 

a.e «- ae-ebias(prec)-fbits(prec) 
a.f <- 1 || af 

endif 
enddef 

def a <- DEFAULTQNAN as 

a.s +- 0 

a.t <- QNAN 

a.e <- -1 

a.f <- 1 
enddef 

def a <- DEFAULTSNAN as 

a.s <- 0 

a.t <- SNAN 

a.e «- -1 

a.f<-1 
enddef 

def fadd(a.b) as faddr(a,b,N) enddef 

def c <- faddr(a,b,round) as 

if a.t=NORM and b.t=NORM then 

// d f e are a,b with exponent aligned and fraction adjusted 
if a.e > b.e then 
d <- a 
e.t +- b.t 
e.s «- b.s 
e.e «- a.e 

e.f <- b.f || 0 a e " b e 
else if a.e < b.e then 
d.t <- a.t 
d.s «- a.s 
d.e <- b.e 
d.f <- a.f || o b e - a - e 
e <- b 

endif 
c.t <- d.t 
c.e «- d.e 
if d.s = e.s then 

c.s <- d.s 

c.f <- d.f + e.f 
elseif d.f > e.f then 

c.s 4- d.s 

c.f <- d.f -e.f 



Fig. 37 (cont'd) 



elseif d.f < e.f then 
c.s <— e.s 
c.f<-e.f-d.f 

else 

c.s «- r=F 
at <- ZERO 

endif 

// priority is given to b operand for NaN propagation 
elseif (b.t=SNAN) or (b.t=QNAN) then 
c <- b 

elseif (a.t=SNAN) or (a.t=QNAN) then 
c <- a 

elseif a.t=ZERO and b.t=ZERO then 
c.t <- ZERO 

c.s <- (a.s and b.s) or (round=F and (a.s or b.s)) 
// NULL values are like zero, but do not combine with ZERO to alter sign 
elseif a.t=ZERO or a.t=NULL then 

c «- b 

elseif b.t=ZERO or b.t=NULL then 
c < a 

elseif a.t=INFINITY and b.t=INFINlTY then 
if a.s * b.s then 

c <- DEFAULTSNAN // Invalid 

else 

c <— a 

endif 

elseif a.t=INFINITY then 
c < a 

elseif b.t=INFINITY then 
c <- b 

else 

assert FALSE // should have covered al the cases above 

endif 
enddef 

def b <- fneg(a) as 

b.s <- -a.s 

b.t <- a.t 

b.e *- a.e 

b.f <-a.f 
enddef 

def fsub(a.b) as fsubr(a,b,N) enddef 

def fsubr(a,b,round) as faddr(a,fneg(b),round) enddef 

def frsub(a,b) as frsubr(a,b,N) enddef 

def frsubr(a,b f round) as faddr(fneg(a),b,round) enddef 

def c <r~ fcom(a,b) as 

if (a.t=SNAN) or (a.t=QNAi ■) or (b.t=SNAN) or (b.t=QNAN) then 
c<- U 

elseif a.t=INFINITY and b.t=INFINITY then 
if a.s * b.s then 

c <- (a.s=0) ? G: L 

Fig. 37 (cont'd) 



else 

c<- E 

endif 

eiseif a.t=INFINITY then 

c <- (a.s=0) ? G: L 
eiseif b.t=INFINITY then 

c <- (b.s=0) ? G: L 
eiseif a.t=NORM and b.t=NORM then 

if a.s * b.s then 

c <- (a.s=0) ? G: L 

else 

if a.e > b.e then 
af a.f 

bf <- b.f || o a e - b e 

else 

af <- a.f || O b e * a e 
bf <- b.f 

endif 

if af = bf then 
c<-E 

else 

c <- <(a.s=0) A (af > bf)) ? G : L 

endif 

endif 

eiseif a.t=NORM then 

c <- (a.s=0) ? G: L 
eiseif b.t=NORM then 

c <~ (b.s=0) ? G: L 
eiseif a.t=ZERO and b.t=ZERO then 

c <— E 

else 

assert FALSE // should have covered al the cases above 

endif 
enddef 

def c <- fmul(a.b) as 

if a.t=NORM and b.t=NORM then 

c.s <- a.s A b.s 

c.t <- NORM 

c.e a.e + b.e 

c.f<-a.f*b.f 
// priority is given to b operand for NaN propagation 
elserf (b.t=SNAN) or (b.t=QNAN) then 

c.s <- a.s A b.s 

c.t <- b.t 

c.e 4- b.e 

c.f <-b.f 

eiseif (a.t=SNAN) or (a.t=QNAN) then 
c.s <- a.s A b.s 
c.t <- a.t 
c.e <- a.e 
c.f <~ a.f 

eiseif a.t=ZERO and b.t=INFINITY then 

c <- DEFAULTSNAN // Invalid 
eiseif a.t=INFINITY and b.t=ZERO then 

c DEFAULTSNAN // Invalid 
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elseif a.t=ZERO or b.t=ZERO then 
c.s «- a.s A b.s 
at «- ZERO 

else 

assert FALSE // should have covered a! the cases above 

endif 
enddef 

def c <- fdivr(a,b) as 

If a.t=NORM and b.t=NORM then 
c.s «- a.s A b.s 
c.t <- NORM 
c.e <- a.e - b.e + 256 

c.f<-(a.f ||0 256 )/b.f 
// priority is given to b operand for NaN propagation 
elseif (b.t=SNAN) or (b.t=QNAN) then 

c.s «- a.s A b.s 

c.t +- b.t 

c.e b.e 

c.f <- b.f 

elseif (a.t=SNAN) or (a.t=QNAN) then 
c.s <- a.s A b.s 
c.t «- a.t 
c.e <- a.e 
c.f <-a.f 

elseif a.t=ZERO and b.t=ZERO then 

c <- DEFAULTSNAN // Invalid 
elseif a.t=INFINITY and b.t=INFINITY then 

c <- DEFAULTSNAN // Invalid 
elseif a.t=ZERO then 

c.s <- a.s A b.s 

c.t <r~ ZERO 
elseif a.t=INFINITY then 

c.s <- a.s A b.s 

c.t <r- INFINITY 

else 

assert FALSE // should have covered al the cases above 

endif 
enddef 

def msb <- findmsb(a) as 

MAXF «- 2 18 // Largest possible f value after matrix multiply 
forj<-OtoMAXF 

if aMAXF-1..j - (OMAXP-H || 1) then 
msb 4- j 

endif 
endfor 
enddef 

def ai <- PackF(prec,a,round) as 
case a.t of 
NORM: 

msb <- findmsb(a.O 

m msb-l-fbits(prec) // Isb for normal 

rdn «- -ebias(prec)-a.e-1-fbits(prec) // Isb if a denormal 

rb <- (m > rdn) ? m : rdn 
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if rb < 0 then 

aifr<-a.f ms b_ 1 ..o || 0'* 
eadj <- 0 

else 

case round of 
C: 

s <- o msb - rb || (-a.s)* 

F: 

s <- O 018 ^ || (a.s) 1 * 
N, NONE: 

s <- omsb-fo || -a.frb || a.ffg" 1 

X: 

if airb-i^o^Otn 60 

raise FloatingPointArithmetic // Inexact 

endif 
s <- 0 

Z: 

s <- 0 

endcase 

v <- (0||a.f msb ..o) + (0||s) 
if vmsb = 1 then 

aifr<-v msb -i..rb 

eadj «- 0 

else 

aifr <- o fbits (P rec > 
eadj <- 1 

endif 

endif 

aien <- a.e + msb - 1 + eadj + ebias(prec) 
if aien ^ 0 then 

if round = NONE then 

ai <r- a.s || o ebits (P rec > || aifr 

else 

raise FloatingPointArithmetic /AJnderflow 

endif 

elseif aien > iebits(prec) then 
if round = NONE then 

//default: round-to-nearest overflow handling 
ai <- a.s || lebits(prec) || 0 fbits(prec) 

else 

raise FloatingPointArithmetic //Underflow 

endif 

else 

ai <- a.s || aien e bits(prec)-1..0 H aifr 

endif 
SNAN: 

if round * NONE then 

raise FloatingPointArithmetic //Invalid 

endif 

if -a.e < fbits(prec) then 

ai +- a.s || lebits(prec) || a .f. a .e-1..0 II 0 fbits (P rec ) +a e 

Fig, 37 (cont'd) 



else 

Isb <- a.f. a .e-1-fbits(prec)+1..0 * 0 

ai <- a.s || lebits(prec) „ a.f. a .e-1..-a.e-1-fbits(prec)+2 II »sb 

endlf 
QNAN: 

if -a.e < fbits(prec) then 

ai <- a.s || lebits(prec) || a .f. a .e-1..0 II O fbits (P rec > +ae 

else 

Isb +- a.f. a .e-1-fbits(prec)+1..0 * n 

ai <- a.s || lebits(prec) „ a.f. a .e.1...a.e-1-fbits(prec)+2 II Isb 

endif 
ZERO: 

ai <- a.s || o eblts (P rec ) || o fbits (P rec > 
INFINITY: 

ai <- a.s || iebits(prec) || 0 fbits(prec) 

endcase 
defdef 

def ai *- fsinkr(prec, a, round) as 
case a.t of 
NORM: 

msb <- findmsb(a.O 
rb <- -a.e 
if rb £ 0 then 

aifr<-a.fmsb..O II CT* 
aims <- msb - rb 

else 

case round of 
C, CD: 

s <- nm^- 1 * || (-ai.s) 1 * 
F, F.D: 

s «- nm^* || (ai.s)* 
N, NONE: 

s 0 msb-rb || _ al ffb ( | a i.f^" 1 

X: 

if ai.frb-1 ..o * 0 then 

raise FloatingPointArithmetic // Inexact 

endif 
s<-0 
Z, Z.D: 

s<-0 

endcase 

v^(0||a.f ms b..0) + (0||s) 
'f v msb = 1 then 

aims <- msb + 1 - rb 

else 

aims <r- msb - rb 

endif 

aifr<- v a i ms ..rt) 

endif 

if aims > prec then 
case round of 

CD, F.D, NONE, Z.D: 

ai <- a.s || (~as)P rec - 1 

Fig. 37 (cont'd) 



C, F, N, X, Z: 

raise FloatingPointArithmetic // Overflow 

endcase 
elseif a.s = 0 then 
ai <- aifr 

else 

ai <- -aifr 

endif 
ZERO: 

ai <_ 0P rec 
SNAN, QNAN: 

case round of 

CD, F.D, NONE, Z.D: 

ai 4- 0P rec 
C, F, N, X, Z: 

raise FloatingPointArithmetic // Invalid 

endcase 
INFINITY: 

case round of 

CD, F.D, NONE, Z.D: 

ai <- a.s || (~as)P rec " 1 
C, F. N, X, Z: 

raise FloatingPointArithmetic// Invalid 

endcase 

endcase 
enddef 



def c <- frecrest(a) as 
b.s<-0 
b.t <- NORM 
b.e«-0 
b.f <- 1 

c <- fest(fdiv(b,a)) 
enddef 

def c *- frsqrest(a) as 
b.s <- 0 
b.t <- NORM 
b.e<- 0 
b.f <- 1 

c <- fest(fsqr(fdiv(b,a))) 
enddef 



def c «- fest(a) as 

if (a.t=NORM) then 

msb <- findmsb(a.f) 
a.e <- a.e + msb - 13 
a.f <-a.fmsb..msb-12ll 1 

else 

c «- a 

endif 
enddef 



def c <- fsqr(a) as 

if (a.t=NORM) and (a.s=0) then 
c.s<-0 
c.t <- NORM 
if (a.eo = 1) then 
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c.e<-(a.e-127)/2 
c.f<-sqr(a.f ||0 127 ) 

sis© 

c.e<-(a.e-128)/2 
c.f <-sqr(a.f ||0 128 ) 

endif 

elseif (a.t=SNAN) or (a.t=QNAN) or a.t=ZERO or ((a.t=INFINITY) and (a.s=0)) then 
c <- a 

elseif ((a.t=NORM) or (a.t=INFINITY)) and (a.s=1) then 
c <- DEFAULTSNAN // Invalid 

else 

assert FALSE // should have covered al the cases above 

endif 
enddef 
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E.ADD.F.16 


Ensemble add floating-point half 


E.ADD.F.16.C 


Ensemble add floating-point half ceiling 


E.ADD.F.16.F 


Ensemble add floating-point half floor 


E.ADD.F.16.N 


Ensemble add floating-point half nearest 


E.ADD.F.16.X 


Ensemble add floating-point half exact J 


E.ADD.F.16.Z 


Ensemble add floating-point half zero 


E.ADD.F.32 


Ensemble add floating-point single 


E ADD F 32 C 


Ensemble add floating-point single ceiling 


E ADD F 32 F 


Ensemble add floating-point single floor 


E ADD F 32 N 


Ensemble add floating-point single nearest 


E ADD F 32 X 


Ensemble add floating-point single exact 


E ADD F 32 Z 


Ensemble add floating-point single zero 


E ADD F 64 


Ensemble add floating-point double 


E.ADD.F.64.C 


Ensemble add floating-point double ceiling 


E ADD F 64. F 


Ensemble add floating-point double floor 


E.ADD.F.64.N 


Ensemble add floating-point double nearest 


E ADD F 64 X 


Ensemble add floating-point double exact 


E ADD F 64.Z 


Ensemble add floating-point double zero 


E ADD.F.128 

ft # ft haft^ ft 1 ft ■ 


Ensemble add floating-point quad 


E ADD F 128.C 

•# \ fc^r ft 1 ft 1 JNv \mw ft 


Ensemble add floating-point quad ceiling 


E ADD F 128.F 


Ensemble add floating-point quad floor 


E.ADD.F.128.N 


Ensemble add floating-point quad nearest 


E ADD F 128 X 

fast/ fc^ • 1 ■ 1 X 


Ensemble add floating-point quad exact 


E ADD F 128.Z 


Ensemble add floating-point quad zero 


E.DIV.F.16 


Ensemble divide floating-point half 


E DIV F 16 C 


Ensemble divide floating-point half ceiling 


E DIV F.16.F 

9^mm m wmWW I W B • ft • ft 1 


Ensemble divide floating-point half floor 


E DIV F 16 N 


Ensemble divide floating-point half nearest 


E.DIV.F.16.X 


Ensemble divide floating-point half exact 


E.DIV.F.16.Z 


Ensemble divide floating-point half zero 


E.DIV.F.32 


Ensemble divide floating-point single 


E.DIV.F.32.C 


Ensemble divide floating-point single ceiling 


E.DIV.F.32.F 


Ensemble divide floating-point single floor 


E.DIV.F.32.N 


Ensemble divide floating-point single nearest 


E.DIV.F.32.X 


Ensemble divide floating-point single exact 


E.DIV.F.32.Z 


Ensemble divide floating-point single z^ro 


E.DIV.F.64 


Ensemble divide floating-point double 
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E DIV F 64 C 


Ensemble divide floating-point double ceiling 


E DIV F 64 F 


Ensemble divide floating-point double floor 


E DIV F 64 N 


Ensemble divide floating-point double nearest 


E DIV F 64 X 


Ensemble divide floating-point double exact 


E DIV F 64 Z 


Ensemble divide floating-point double zero 


E DIV F 128 

1— . VJ\ V.I - 1 fcW 1 


Ensemble divide floating-point quad 


F DIV F 128 C 


Ensemble divide floating-point quad ceiling 


F DIV F 128 F 


Ensemble divide floating-point quad floor 


F DIV F 128 N 


Ensemble divide floatina-ooint auad nearest 

^_ i i w w i i i w i w w ■ v iww t i\s\tM wi i i w, yy 1 i i v vi uau ■ iww ■ vwi 


F DIV F 128 X 


Ensemble divide floatina-ooint auad exact 


F HIV F 128 7 


Ensemble divide floatina-ooint auad zero 


p Mill ppifi 


Ensemble multiolv cornnlex floatinn-noint half 


F Ml II PF^2 


Ensemble multinlv comDlex floatina-Doint sinale 

i w\> 1 1 iwiv i i i u i ii yj i y wwi i ipi^A i iva ti i iu yj \s i 1 1 i oil IM lw 


F Ml Jl P F 64 


Ensemble multiolv cornnlex floatina-ooint douhle 

UMvvlllWlv 1 1 1 w. 1 tl j./ 1 Jf VA/I 1 ipivA llvvllll IU yJ\J 1 1 1 1 WwUWlw 


F MUL F 16 


Ensemble multiolv floatina-Doint half 


F MUl F 16 C 


Ensemble multiolv floatina-ooint half ceilina 

^_ i iwwi i iwiw 1 1 luiuh/iT iivuui iy wwii i iwiii wv»» ■ 1 1 1 iw 


F MUL F 16 F 

u.iviuL.r. i v.r 


Ensemble multiolv floatina-ooint half floor 


F MUL F 16 N 


Ensemble multiolv floatina-ooint half nearest 


F MUl F 16 X 
L_.iviuL.r. i \j.s\ 


Ensemble multiolv floatina-ooint half exact 

l_i ivui 1 1 k/iv 1 1 1 u I ti yj i y iivwui iu yj\j i i it i ian vauvi 


F MUl F 16 7 


Ensemble multiolv floatina-ooint half zero 

i_ i lOv 1 1 iuiv 1 1 iwitiwiy iivciiM iu yj\ji\ it i igiii lvi w 


F MUl F ^2 


Ensemble multiolv floatina-ooint sinale 

1 Iwwl 1 IwlW 1 1 IUHIL/1 ¥ 1 1 VU VII IU L/wll Ik wll lUlw 


F MUL F 32 C 


Ensemble multiolv floatina-Doint sinale ceilina 

b>l Iwwl 1 Iwlw 1 1 IUIUWI y IIWUUI IW IW'X^II Ik wll IHI w WVrfllll *5J 


F MUl F 32 F 


Ensemble multiolv floatina-ooint sinale floor 

Ul Iwwl llwlw 1 1 IUIli|^l¥ llv;ClUI IU ^wll 11 wlllUlw llvwl 


F MUl F 32 N 


Ensemble multiolv floatina-Doint sinale nearest 

ui iwwi Muiw 1 1 luiuuiy 1 1 wcj hi iu . yj\jii it wii iu i w 1 1 w Q i w w t 


F MUl F 32 X 


Ensemble multiolv floatina-ooint sinale exact 

UllwwIIIUIw 1 1 lUllipiy IIWOIlll IU pVII H wlllUlw CAOwl 


F MUL F 32 7 


Ensemble multiolv floatina-ooint sinale zero 

Xmmi iwwiiiwiw \ i i\ji\\\yj% y i iuu hi iy yj wi i it wii lyiw <£»wi w 


F MUL F 64 


Ensemble multiolv floatina-ooint double 

^_l 1 w w 1 1 Iwlw 1 I IUI llk/l J 1 1 VU III lw k/wl lit W. V W W 1 \m# 


E MUL F 64 C 


Ensemble multiolv floatina-ooint double ceilina 

^»i i ww i i i w ■ w i ■ iui ut/i y i iww vii • Wf pvi i i v w w uiw ww^i 1 1 ■ ly 


F MUL F 64 F 


Ensemble multiolv floatina-ooint double floor 

l_ i iw^^i i i t-y i w i i iuiiiL/1 y i ivviiii iu yj 1 1 it uwuuiw 1 1 wi 


F MUl F 64 N 


Ensemble multiolv floatina-ooint double nearest 

U>l Iwwl 1 Iwlw 1 1 IU 1 tl yj 1 y 1 1 WO III IU pV/ll 1 1 U wUUI w 1 IwCII wwl 


E.MUL.F.64.X 


Ensemble multiply floating-point double exact 


E.MUL.F.64.Z 


Ensemble multiply floating-point double zero 


E.MUL.F.128 


Ensemble multiply floating-point quad 


E.MUL.F.128.C 


Ensemble multiply floating-point quad ceiling 


E.MUL.F.128.F 


Ensemble multiply floating-point quad floor 


E.MUL.F.128.N 


Ensemble multiply floating-point quad nearest 


E.MUL.F.128.X 


Ensemble multiply floating-point quad exact 


E.MUL.F.128.Z 


Ensemble multiply floating-point quad zero 



Fig. 38A (cont'd) 



Selection 



class 


op 


prec 


round/trap ! 


add 


EADDF 


16 32 64 128 


NONE C F N X Z 


divide 


EDIVF 


16 32 64 128 


NONE CFNXZ 


multiply 


EMULF 


16 32 64 128 


NONE CFNXZ 


complex multiply 


EMUL.C 
F 


16 32 64 


NONE 



Format 

E.op.prec.round rd=rc,rb 
rd=eopprecround(rc,rb) 

31 24 23 18 17 12 11 65 0 

r E.prec \ rd | rc I rb | op.roundl 

8 6 6 6 6 



Fig. 38B 



Definition 

def mul(size,v t i.wj) as 

mul +- fmul(F(size f v siZ e-i+i..i),F(size,w S i ze -i+j..j)) 
enddef 

def EnsembleFloatingPointfop.prec.round.ra.rb.rc) as 
c <r- RegRead(rc, 128) 
b <- RegRead(rb, 128) 
for i <r- 0 to 1 28-prec by prec 
ci<-F(prec,Ci +P rec-1..i) 
bi<-F(prec,bi + p re c-l..i) 
case op of 

E.ADD.F: 

ai <- faddr(ci,bi,round) 
E.MUL.F: 

ai <r- fmul(ci.bi) 
E.MUL.C.F: 

if (i and prec) then 

ai faddfmuKprecci.b.i-prec), mul(prec,c,i-prec,b,i)) 

else 

ai <- fsub(mul(prec,c,l,b f l) f mul(prec,c,i+prec,b,i+prec)) 

endif 
E.DIV.F.: 

ai <- fdiv(ci.bi) 

endcase 

ai+prec-1..i <- PackF(prec, ai, round) 
endfor 

RegWrite(rd, 128, a) 
enddef 



Exceptions 

Floating-point arithmetic 



Fig. 38C 



Operation codes 



E.MUL.ADD.C.F.16 


Ensemble multiply add complex floating-point half 


E.MUL.ADD.C.F.32 


Ensemble multiply add complex floating-point single 


E.MUL.ADD.C.F.64 


Ensemble multiply add complex floating-point double 


E.MUL.ADD.F.16 


Ensemble multiply add floating-point half 


E.MUL.ADD.F.16.C 


Ensemble multiply add floating-point half ceiling 


E.MUL.ADD.F.16.F 


Ensemble multiply add floating-point half floor 


E.MUL.ADD.F.16.N 


Ensemble multiply add floating-point half nearest 


E.MUL.ADD.F.16.X 


Ensemble multiply add floating-point half exact 


E.MUL.ADD.F.16.Z 


Ensemble multiply add floating-point half zero 


E.MUL.ADD.F.32 


Ensemble multiply add floating-point single 


E.MUL.ADD.F.32.C 


Ensemble multiply add floating-point single ceiling 


E.MUL.ADD.F.32.F 


Ensemble multiply add floating-point single floor 


E.MUL.ADD.F.32.N 


Ensemble multiply add floating-point single nearest 


E.MUL.ADD.F.32.X 


Ensemble multiply add floating-point single exact 


E.MUL.ADD.F.32.Z 


Ensemble multiply add floating-point single zero 


E.MUL.ADD.F.64 


Ensemble multiply add floating-point double 


E.MUL.ADD.F.64.C 


Ensemble multiply add floating-point double ceiling 


E.MUL.ADD.F.64.F 


Ensemble multiply add floating-point double floor 


E.MUL.ADD.F.64.N 


Ensemble multiply add floating-point double nearest j 


E.MUL.ADD.F.64.X 


Ensemble multiply add floating-point double exact 


E.MUL.ADD.F.64.Z 


Ensemble multiply add floating-point double zero 


E.MUL.ADD.F.128 


Ensemble multiply add floating-point quad 


E.MUL.ADD.F.128.C 


Ensemble multiply add floating-point quad ceiling 


E.MUL.ADD.F.128.F 


Ensemble multiply add floating-point quad floor 


E.MUL.ADD.F.128.N 


Ensemble multiply add floating-point quad nearest 


E.MUL.ADD.F.128.X 


Ensemble multiply add floating-point quad exact 


E.MUL.ADD.F.128.Z | 


Ensemble multiply add floating-point quad zero 


E.MUL.SUB.C.F.16 


Ensemble multiply subtract complex floating-point half 


E.MUL.SUB.C.F.32 


Ensemble multiply subtract complex floating-point single 


E.MUL.SUB.C.F.64 


Ensemble multiply subtract complex floating-point double 


E.MUL.SUB.F.16 


Ensemble multiply subtract floating-point half 


E.MUL.SUB.F.32 


Ensemble multiply subtract floating-point single 


E.MUL.SUB.F.64 


Ensemble multiply subtract floating-point double 


E.MUL.SUB.F.128 


Ensemble multiply subtract floating-point quad 



Fi?. 38D 



Selection 



class 


op 


type 


prec 


round/trap 


multiply add 


E.MUL.AD 
D 


F 


16 32 64 128 


NONE C F N X Z 


C.F 


16 32 64 


NONE 


multiply subtract 


E.MULSU 
B 


F 


16 32 64 128 


NONE 


C.F 


16 32 64 


NONE 



Format 



E.op.size rd@rc,rb 
rd=eopsize(rd,rc,rb) 

31 24 23 18 17 12 11 65 0 

| E.size j rd | rc | rb | op 

8 6 6 6 6 



Fig. 38E 



Definition 

def mul(size,v,i,w j) as 

mul <~ fmul(F(size,v S i Z e-i+i..i),F(size 1 w S i ze .i+j..j)) 
enddef 

def EnsemblelnplaceFloatingPoint(op f size,rd,rc,rb) as 
d <- RegRead(rd f 128) 
c <- RegRead(rc, 128) 
b <- RegRead(rb, 128) 
for i <r- 0 to 128-size by size 
di<- F(prec,dj +P rec-1..i) 
case op of 

E.MUL.ADD.F: 

ai <- fadd(di f mul(prec,c,i,b f i)) 
E.MUL.ADD.C.F: 

if (i and prec) then 

ai <r- fadd(di, fadd(mul(prec,c,i,b,i-prec) t mu!(c,i-prec,b,i))) 

else 

ai <- fadd(di, fsub(mu!(prec,c,i,b,i), mul(prec,c,i+prec,b,i+prec))) 

end if 
E.MUL.SUB.F: 

ai <r- frsub(di, mul(prec,c,i,b,i)) 
E.MULSUB.C.F: 

if (i and prec) then 

ai <r- frsub(di, faddfmuKprec.c.i.b.i-prec), mul(c,i-prec,b,i))) 

else 

ai «- frsub(di, fsubCmuKprec.c.i.b.i), mul(prec,c,i+prec t b,i+prec))) 

endif 

endcase 

ai+prec-1..i <- PackF(prec, ai, round) 
endfor 

RegWrite(rd, 128, a) 
enddef 

Exceptions 

none 

Fig. 38F 



Op ration codes 



E.SCAL.ADD.F.16 


Ensemble scale add floating-point half 


E.SCAL.ADD.F.32 


Ensemble scale add floating-point single 


E.SCAL.ADD.F.64 


Ensemble scale add floating-point double 



Fig. 38G 



Sel ction 



class 


op 


prec 


scale add 


E.SCAL.ADD.F 


16 32 64 



Format 



E.SCAL.ADD.F.size ra=rd,rc,rb 
ra=escaladdfsize(rd , rc,rb) 

31 24 23 18 17 12 11 65 0 

r OP | rd | rc | rb | ra | 

8 6 6 6 6 



Fig. 38H 



Definition 



def EnsembleFloatingPointTernary(op,prec,rd,rc f rb t ra) as 
d <- RegRead(rd. 128) 
c <- RegRead(rc, 128) 
b <r- RegRead(rb, 128) 
for i <- 0 to 128-prec by prec 
di^-F(prec,dj + p re c-i..i) 
ci^F(prec,Cj +pr e C -l.j) 

ai <- fadd(fmul(di ( F(prec,b P rec-1..o)). fmul(ci, F(prec t b 2 *prec-1..prec))) 
ai+prec-1..i «- PackF(prec, ai t none) 
endfor 

RegWrite(ra. 128, a) 
nddef 

Exceptions 

none 



Fig. 38! 



P Ql IR P 1fi 
C.OUD.r. I O 


FnQpmhlp Qiihtrart floatina-noint half 


c.ouD.r . lu.v-/ 


FnQpmhlp Quhtract floatina-nnint half csilina 


P Ql IR P 1ft P 
c.ouD.r. lo.r 


FnQpmhlp Quhtract floatina-noint half floor 


P Ql IR P 1ft M 
C.OUD.r. ID. IN 


Pncpmhlp Qiihtrar*t floatinn-noint half nparpQt 


P Ql IR P 1ft "7 
t.oUD.r. I O.Z. 


Pncomhlo ci ihtrant floatinn-noint half 7pro 
Ci loci i \ui\s ouuildUi i iL/ciiii iy ii iigii \j 


P CI ID P 1ft V 
C.OUD.r. I D.A 


Pncpmhlp ci intrant flnatinn-nnint half pvar*t 

Cl IdCI 1 lUlw OUUlldUL MvJCillliy yf\J\%\\ Mean CAdUl ! 


C Ql ID C OO 

t.oUD.r.o/: 


Pncomhlo ci ihtrs*r*t flnatinn-nnint Qinnlp 


c ci ir p qo 
c.ouD.r .oz.o 


Pncomhlo c i iht rar*t flnatinn-nnint Qinnlp noilinn 
ciiodiiuic ouuu d^i i ivja ui iy ii oiiiyic otziiniy 


C CI ID P QO P 

c.oUD.r .oz.r 


Pncomhlo ci i htrar't flnatinn-nnint cinnlo flnnr 
ciibciiiuic ouuudui iiuciui ly-pun ii oiiiyie iiuui 


C CI ID C QO M 

t.oUD.r.o^.lN 


Pncomhlo ci i htr'aot flnatinn_noint cinnlo noaroct 

cnsernuie oULurad nucuiiiy-pun ii oiiiyit? iicdicbi 


C CI ID P QO "7 

c.ouD.r .o^.Z. 


Pncomhlo ci ihtront floatinn_nnint cinnlo 7orr> 
CllbCI llUlt? oUULIdLA llUdlll ly-pUII H olliyitJ 


C CI ID C QO Y 

t.oUD.r.o^.A 


Pncomhlo ci ihf roM flnatin/*i_nni nt cinnlo Qvort 

cnsernijie ouuiraci nodiing-puiiu ©if lyie exaci 


C CI ID C £5/! 

t.oUD.r.D4 


Pncomhlo ci ihtroM flnotinn nnint Hm ihlo 

cnsernuio ouuiraci iioaiiny-puini uuuuit? 


C CI ID C Cyl O 


Pncomhlo ci ■ htfo n'f flno t i nn _nni nt ihlo nollinm 

cnsernuie ouuiiaci iioaiing-puirn uuuuic ceiling 


C CI ID P P 

t.oUD.r.04.r 


Pncomhlo ei ihtro/^t flnotinn_nnjnt Hm thlo flnnr 
CnocfTlUlc dUDuaU 1 lUalll iy-puil 11 uUUUIc MUUl 


P SUB F 64 N 


Ensemble subtract floating-point double nearest 


E.SUB.F.64.Z 


Ensemble subtract floating-point double zero j 


E.SUB.F.64.X 


Ensemble subtract floating-point double exact 


E.SUB.F.128 


Ensemble subtract floating-point quad • 


E.SUB.F.128.C 


Ensemble subtract floating-point quad ceiling 


E.SUB.F.128.F 


Ensemble subtract floating-point quad floor 


E.SUB.F.128.N 


Ensemble subtract floating-point quad nearest 


E.SUB.F.128.Z 


Ensemble subtract floating-point quad zero 


E.SUB.F.128.X 


Ensemble subtract floating-point quad exact 



Fig. 39A 



Selection 



class 


op 


prec 


round/trap 


set 


SET. 

E LG 
L GE 


16 32 64 128 


NONE X 


subtract 


SUB 


16 32 64 128 


NONE C F N X Z 



Format 

E.op.prec.round rd=rb,rc 
rd=eopprecround(rb,rc) 

31 24 23 18 17 12 11 65 0 

|~ E.prec | rd | re | rb I op.round | 

8 6 6 6 6 



Fig. 39B 



Definition 

def EnsembleReversedFloatingPoint(op,prec,round,rd,rc,rb) 
c <r- RegRead(rc, 128) 
b <- RegRead(rb, 128) 
for i <- 0 to 128-prec by prec 

ci <r- F(prec,Cj +pr ec-l..i) 

bi*-F(prec,bj +pre c-1..i) 

ai <r- frsubr(ci,-bi, round) 

ai+prec-1J <- PackF(prec, ai, round) 
endfor 

RegWrite(rd, 128, a) 
enddef 



Exceptions 

Floating-point arithmetic 



Fig. 39C 



Operation codes 



G.SET.E.F.16 


Group set equal floating-point half 


G.SET.E.F.16.X 


Group set equal floating-point half exact 


G SET E.F.32 


Group set equal floating-point single 


G SET E.F.32.X 


Group set equal floating-point single exact 


G SET E.F.64 


Group set equal floating-point double 


G SET E F 64 X 


Group set equal floating-point double exact 


G SET E F 128 


Group set equal floating-point quad 


G SET E F 128 X 


Group set equal floating-point quad exact 


G SET GE F 16 X 


Group set greater equal floating-point half exact 


G SET GE F 32 X 


Group set greater equal floating-point single exact 


G SET GE F 64 X 


Group set greater equal floating-point double exact 


G SET GE F 128 X 


Group set greater equal floating-point quad exact 


G SET LG F 16 


Group set less greater floating-point half 


G SET LG F 16 X 


Group set less greater floating-point half exact 


G SET LG F 32 


Group set less greater floating-point single 


G SET LG F 32 X 

X— X • Xi*r L__ 1 • 1» X—*» • 1 • XX 4W .XX 


Group set less greater floating-point single exact 


G SET LG F 64 


Group set less greater floating-point double 


G SET LG F 64 X 


Group set less greater floating-point double exact 


G SET LG F 128 


Group set less greater floating-point quad 


G.SET.LG.F. 128.X 


Group set less greater floating-point quad exact 


G SET L F 16 


Group set less floating-point half 


G.SET.L.F.16.X 


Group set less floating-point half exact 


G.SET.LF.32 


Group set less floating-point single 


G.SET.L.F.32.X 


Group set less floating-point single exact 


G.SET.L.F.64 


Group set less floating-point double 


G.SET.L.F.64.X 


Group set less floating-point double exact 


G.SET.L.F.128 


Group set less floating-point quad 


G.SET.L.F.128.X 


Group set less floating-point quad exact 


G.SET.GE.F.16 


Group set greater equal floating-point half 


G.SET.GE.F.32 


Group set greater equal floating-point single 


G.SET.GE.F.64 


Group set greater equal floating-point double 


G.SET.GE.F.128 


Group set greater equal floating-point quad 



Fig. 39D 



Equivalencies 



G SET LE F. 16.X 


Group set less equal floating-point half exact 


G SETLE F.32.X 


Group set less equal floating-point single exact 


G SET LE F 64X 


Group set less equal floating-point double exact 


G SET LE F 128 X 


Group set less equal floating-point quad exact 


G SET G F 16 


Group set greater floating-point half 


G SET G F 16 X 


Group set greater floating-point half exact 


G SET G F 32 


Group set greater floating-point single 


G.SE7.G.F32.X 


Group set greater floating-point single exact 


G.SE7.G.F64 


Group set greater floating-point double 


G. SET. G.F. 64.X 


Group set greater floating-point double exact 


G.SET.G.F.128 


Group set greater floating-point quad 


G.SET.G.F.128.X 


Group set greater floating-point quad exact 


G.SET.LE.F.16 


Group set less equal floating-point half 


G.SET.LE.F.32 


Group set less equal floating-point single 


G.SET.LE.F.64 


Group set less equal floating-point double 


G.SET.LE.F.128 


Group set less equal floating-point quad 



G.SET.G.F.prec rd=rb,rc 


-> 


G.SET.L.F.prec rd=rc,rb 


G.SET.G.F.prec.X rd=rb,rc 


-> 


G.SET.L.F.prec.X rd=rc,rb 


G.SET.LE.F.prec rd=rb,rc 


— > 


G.SET.GE.F.prec rd=rc,rb 


G. SET. LE. F.prec.X rd=rb, rc 


— > 


G.SET.GE. F.prec.X rd=rc,rb 



Fig. 39E 



Selection 



class 


op 


prec 


round/trap 


set 


SET. 

E LG 
L GE 
G LE 


16 32 64 128 


NONE X 



Format 



G.op.prec.round rd=rb.rc 
rc=gopprecround(rb,ra) 

31 24 23 18 17 12 11 65 0 

| G.prec | rd | rc I rb | op.round | 

8 6 6 6 6 



Fig 39F 



Definition 



def GroupFloatingPointReversed(op,prec,round,rd,rc,rb) as 
c <- RegRead(rc. 128) 
b <- RegRead(rb, 128) 
for i <- 0 to 128-prec by prec 
ci <- F(prec,Cj+ P rec-1..i) 
bi F(prec f bj+p r ec-1..i) 
if round^NONE then 

if (di.t = SNAN) or (ci.t = SNAN) then 
raise FloatingPointArithmetic 

endif 

case op of 

G.SET.L.F, G.SET.GE.F: 

if (di.t = QNAN) or (ci.t = QNAN) then 
raise FloatingPointArithmetic 

endif 
others: //nothing 
endcase 

endif 

case op of 

G.SET.L.F: 

ai <- bi?>ci 
G.SET.GE.F: 

ai <- bi!?<ci 
G.SET.E.F: 

ai <r- bi=ci 
G.SET.LG.F: 

ai <- bi*ci 

endcase 

ai+prec-1..»^ai prec 
endfor 

RegWrite(rd, 128, a) 
enddef 

Exceptions 

Floating-point arithmetic 

Fig. 39G 



G.COM.E.F.16 


Group compare equal floating-point half 


G. COM. E.F. 16.X 


Group compare equal floating-point half exact 


G. COM. E. F. 32 


Group compare equal floating-point single 


G. COM. E.F. 32.X 


Group compare equal floating-point single exact 


G.COM.b.F.64 


Group compare equal floating-point double 


G. COM. E.F. 64.X 


Group compare equal floating-point double exact 


G. COM. E.F. 128 


Group compare equal floating-point quad 


G.COM.E.F.128.X 


Group compare equal floating-point quad exact 


G.COM.GE.F.16 


Group compare greater or equal floating-point half 


G. COM. GE.F. 16.X 


Group compare greater or equal floating-point half exact 


G. COM. GE.F. 32 


Group compare greater or equal floating-point single 


G.COM.GE.F.32.X 


Group compare greater or equal floating-point single exact 


G.COM.GE.F.64 


Group compare greater or equal floating-point double 


A*^ A*^. A*^. A « ^™ At \. At 

G.COM.GE.F.64.X 


Group compare greater or equal floating-point double exact 


G.COM.GE.F.128 


Group compare greater or equal floating-point quad 


G.COM.GE.F.128.X 


Group compare greater or equal floating-point quad exact 


G.COM.L.F.16 


Group compare less floating-point half 


G.COM.L.F.16.X 


Group compare less floating-point half exact 


G.COM.L.F.32 


Group compare less floating-point single 


G.COM.L.F.32.X 


Group compare less floating-point single exact 


G.COM.L.F.64 


Group compare less floating-point double 


G.COM.L.F.64.X 


Group compare less floating-point double exact 


G.COM.L.F.128 


Group compare less floating-point quad 


G. COM. L.F. 128.X 


Group compare less floating-point quad exact 


G.COM.LG.F.16 


Group compare less or greater floating-point half 


vj . v-r VJIVI . Lvj . r . 1 D. A 


\ji uup uuiiijjciic icob ur yrcdici 1 iucum ly-poim nan exaci 


G.COM.LG.F.32 


Group compare less or greater floating-point single 


G.COM.LG.F.32.X 


Group compare less or greater floating-point single exact 


G.COM.LG.F.64 


Group compare less or greater floating-point double 


G.COM.LG.F.64.X 


Group compare less or greater floating-point double exact 


G.COM.LG.F.128 


Group compare less or greater floating-point quad 


G.COM.LG.F.128.X 


Group compare less or greater floating-point quad exact 



Fig. 40A 



Format 

G.COM.op.prec.round rd,rc 
rc=gcomopprecround(rd,rc) 

31 24 23 18 17 12 11 65 0 

j G.prec I rd | rc | op | GCOM i 

8 6 6 6 6 



Fig. 40B 



Definition 



def GroupCompareFloatingPoint(op,prec,round t rd,rc) as 
d <- RegRead(rd, 128) 
c <- RegRead(rc t 128) 
for i +- 0 to 128-prec by prec 
di <- FCprecdi+prec-L.i) 
ci <- F(prec,Cj+p r ec-1 ..i) 
if round*NONE then 

if (di.t = SNAN) or (ci.t = SNAN) then 
raise FloatingPointArithmetic 

endif 

case op of 

G.COM.L.F, G.COM.GE.F: 

if (di.t = QNAN) or (ci.t = QNAN) then 
raise FloatingPointArithmetic 

endif 
others: //nothing 
endcase 

endif 

case op of 

G.COM.L.F: 

ai <- di?>ci 
G.COM.GE.F: 

ai <- di!?<ci 
G.COM.E.F: 

ai <- di=ci 
G.COM.LG.F: 

ai <- di*ci 

endcase 

a i+prec-1 ..i <— a ' 
endfor 

if (a * 0) then 

raise FloatingPointArithmetic 

endif 
enddef 



Exceptions 

Floating-point arithmetic 



Fig. 40C 



E ABS F 16 


Ensemble absolute value floating-point half 


E.ABS.F.16.X 


Ensemble absolute value floating-point half exception 


E.ABS.F.32 


Ensemble absolute value floating-point single 


E ABS F.32 X 


Ensemble absolute value floating-point single exception 


E.ABS.F.64 


Ensemble absolute value floating-point double 


E ABS F 64 X 


Ensemble absolute value floating-point double exception 


E ABS F 128 


Ensemble absolute value floating-point quad 


E ABS F 128 X 


Ensemble absolute value floating-point quad exception 


E COPY F 16 

La > V«/ 1 1 • 1 1 \J 


Ensemble copy floating-point half 


E COPY F 16 X 

Lai Wl I.I 


Ensemble copy floating-point half exception 


E COPY F 32 


Ensemble copy floating-point single 


E COPY F 32 X 


Ensemble copy floating-point single exception 


E COPY F 64 


Ensemble copy floating-point double 


E COPY F 64 X 


Ensemble copy floating-point double exception 


E COPY F 128 


Ensemble copy floating-point quad 


E COPY F 128 X 

L>i Wl I.I.I t— \J -XX 


Ensemble copy floating-point quad exception 


E DEFLATE F 32 

La • La/ La 1 Lb./ » 1 Laval 


Ensemble convert floating-point half from single 


E DEFLATE F 32 C 

L..L/L.I LaTA 1 L_.f iWL.W 


Ensemble convert floating-point half from single ceiling 


E DEFLATE F 32 F 


Ensemble convert floating-point half from single floor 


E DEFLATE F 32 N 

La • Lp^ La 1 L-_/ \ | L_ a 1 aVj£a>al^f 


Ensemble convert floating-point half from single nearest 


E DEFLATE F 32 X 

laaa • laa/ laa> 1 I—/ V 1 Ltd .Ua.>A 


Ensemble convert floating-point half from single exact 


E DEFLATE F 32 Z 

Lst L/Lal La# \ 1 Ls.l tV/biL. 


Ensemble convert floating-point half from single zero 


E DEFLATE F 64 


Ensemble convert floating-point single from double 


E DEFLATE F 64 C 


Ensemble convert floating-point single from double ceiling 


E DEFLATE F 64 F 

La. a I— ✓ La 1 L_/ » 1 Lb a 1 • Np/^T . | 


Ensemble convert floating-point single from double floor 


E DEFLATE F 64 N 

LatL/L.1 L»/» 1 L_ . 1 ■V~ill 


Ensemble convert floating-point single from double nearest 


E DEFLATE F 64 X 


Ensemble convert floating-point single from double exact 


E DEFLATE F 64 Z 

aa » La* a_ 1 1 ■ > » 1 1 • 1 a 1 • a ■ 


Ensemble convert floating-point single from double zero 


E DEFLATE F 128 

La a La/ La 1 La./* 1 La a 1 • 1 €mm \J 


Ensemble convert floating-point double from quad 


E DEFLATE F 128 C 

La a Lb I L ml \ 1 La a 1 a 1 £• W a V 


Ensemble convert floating-point double from quad ceiling 


E DEFLATE F 128 F 

L«WaI a-/ » 1 L.il • l4fa»Wal 


Ensemble convert floating-point double from quad floor 


E DEFLATE F 128 N 

La a La* La 1 L_/ \ 1 L_ a 1 a 1 A_\a/ il 1 


Ensemble convert floating-point double from quad nearest 


E.DEFLATE.F.1 28.X 


Ensemble convert floating-point double from quad exact 


E.DEFLATE.F.128.Z 


Ensemble convert floating-point double from quad zero 


E.FLOAT.F.16 


Ensemble convert floating-point half from doublets 


E.FLOAT.F.16.C 


Ensemble convert floating-point half from doublets ceiling 


E.FLOAT.F.16.F 


Ensemble convert floating-point half frc~i doublets floor 


E.FLOAT.F.16.N 


Ensemble convert floating-point half from doublets nearest 


E.FLOAT.F.16.X 


Ensemble convert floating-point half from doublets exact 


E.FLOAT.F.16.Z 


Ensemble convert floating-point half from doublets zero 



Fig.41A 



F Fl OAT F V? 


Ensemble convert floating-point single from quadlets 


F Fl OAT F?9P 


Ensemble convert floating-point single from quadlets ceiling 


F Fl OAT F ^9 F 


Ensemble convert floating-point single from quadlets floor 


F FLOAT F 32 N 


Ensemble convert floating-point single from quadlets nearest 


F FL OAT F 32 X 


Ensemble convert floating-point single from quadlets exact 


F Fl OAT F 32 7 


Ensemble convert floating-point single from quadlets zero 


F Fl OAT F 


Ensemble convert floating-point double from octlets \ 


F Fl OAT FR4P 


Ensemble convert floating-point double from octlets ceiling 


F Fl OAT F f\A F 


Ensemble convert floating-point double from octlets floor 


C CI OAT C CZA M 

fc.rUJA 1 .r.o4.N 


Fn^pmhlp convprt floatinn-noint rfnnhlp from rvtlote naaroet 

L_l IOC1 1 IUIC wl 1 V CI I IrUolll l^'pVH 11 UwUUIC 1 1 Wl 1 1 WW 1 1 c to 1 ] CO 1 Co I 


C CI OAT C V 


Ensemble convert floatinn-noint rlouhlp from ontlpfc ovart 
u»i ivci i iuic lA^iivcii iiwom iy y^jn 11 uvjuuic 1 1 wi ■ i UvitcU) cAdLl 


fc.rUJA 1 .r.D4.£ 


Ensemble convert floatinn-noint rinuhlp from nrtlotc -ram 
ui loci i iuic wjiivcii i iwom iy ^/vjii it uuuuic iiwiii vjciJclo ^ciw 


C CI OAT C lOft 


Enspmhlp convprt flnatinn-noi nt nitari from havlot 

UI IOvMIUIC wllVCIl IIWOLII iy-UWII 11 LjUdvJ II Will 1 IcPUcl 


C CI OAT C i OQ O 


Pn*5Pmhlp convprt floatinn-noint nuari from hovlat ^aiiinn 
i_ i ioci 1 i u/i c uuiivuu iiwoui ly-wwii ii i^uau iiwiii iicXicl ucilinQ 


C CI O A T C 4 OQ C 

b.rUJA 1 .r.lzo.r 


FnQpmhip rnnuprt flosstinn-noint ni iaH from Kavlaf fl/N^x*- 
l_i lacinuic wwi ivci i iiwoui ly-uwii ii ljucju irom nsxicl Tioor 


C CI OAT C -IOQ M 


Fn^pmhlp oonvprt floatinn-ooint oi iaH from havlot na^raft 1 
i_i ioci i iuic wui iv ci i uwoiii ly-uuu ii LjuaU Mwill ncXlcl ncaTcSI 


C CI OAT C iOQ V 


Fn^pfnhlp oon\/prf floatinn-ooint ni iaH from havlat ov^r^ 
uiiocimuic WJI IVCI I IIUdLII iy— WWII ll IJUovJ II OTT1 115X161 6X3 CI 


C CI OAT C 4 OQ "7 

t.rLUAl ,r. IZO.Z. 


Fn^pmhlp oonx/prt flnatinn-nnint ni iaH from havlot Tarr\ I 
i_i ioci i iuic wi ivci i I IWOMI ly-UWll ll LJUou IIwTTl (IcXIcl ZcTO 


t.llNrLA I t.r.lo 


FnQpmhlp convprt floatinn-noint c inn \a from half r 
i_i loci i iuic wji ivci i iiwoui iy-uwii u oiiiyic iiwiii noil 


C IMP ATC C 1ft V 

t.irsir LA I t.r. iD.A 


Ensemble convert floatinn-ooint Qinnlp from half ovnontion 
uiiociiiuic vuiivcu uuaiii ly-j-fwii ii oiiiyic nvjiii iidii cAucpuun 


c |MC| ATP C 
CIINrLAI Cr.O^ 


Ensemble convert floatina-noint rtouhlp from Qinnlp 

^— i i *J w I i iui v wwi I t wl v 1 1 V^Cj hi IW Uvl 1 1 i UwUvIC 1 1 Wl II O II IU IC 


C IMCI ATP C Y 
CIINrLAI t.r.o^.A 


Ensemble convert floatinn-noint Houhip from cinnlo ovrorttinrt 
ui iociiiuio wi ivw i 1 1 wo in iy \j\jti ii uuuuic ii win oiiiyic CALcfJUUii 


C IMCI ATC C ft/i 
t.liMrLA I t.r.D^f 


En^pmhle convprt floatinn-ooint ni iaH from Hoi ihlo 
i — i toe 1 1 iuic wji ivcu ii wo in iy wwii ii vfuau iiwm uuuuic 


F IMFI ATP P fKA Y 
CIINrLMI L.r.D'f.A 


Ensemble convert floatina-Doint nuad from rinuhlp pvrpntion 

ui ivwimwiw vviitvii iivoui iy yj\j\i v^uau ii win UUUUIC CAOCUUUI 1 


P MPO P 1ft 


Ensemble neoete floatina-noint half 

^— * l«9Wl I iwlv 1 IvMQIW HWOUI iy L/Wll 11 1 IOII 


P MPO P 1ft Y 
CIMCvJJ.r. ID.A 


Ensemble neoate floatina-ooint half pycention 

i^i j^vi iii/iv ■ iwyuio iiv/oLiiiy wwil ll lion vAwCyllUI 1 


P MPO P i 


Ensemble neoate floatina-noint sinnlp 

l_i io ci i iuic iicyaic nwouiiy wwh n on lyic 


P Mcr^ P QO Y 


En^pmhlp npnatp floatinn-noint cinnlo ovrontinn 
ui iociiiuic i icy a tc i two in ly-uwn ll oiiiyic CAUcfJUUM 


P MPO P ftA 


Ensemble neoate floatinn-noint rinuhlp 

ui ig^muic i icyaic ii wo in iy uwu ii uuuuic 


P M CO P ft /I Y 


P ncpmhlp npnatp floatinn-noint Hoiihlo ovrantinn 
wiiociiiuic ■ icy a ic iiwomiy wwnii uuuuic cxucuiiun 


P MPO P 19« 
C . IN Cvj. r . 1 ZO 


Ensemble npnatp floatinn-noint nuarl 1 
ui wci i iuic i icyoic ii wo tu iy uwu ii u l uau 


P MPO P 1 OA Y 
CINtO.r. IZO.A 


Ensemble npnatp floatinn-noint m tart ovrontinn 
ui lociiiuic i icy a ic iiwoiii »y uwu ii v^uau cxwcpiiUli 


p DpppQT P 1ft 


Ensemble reciorocal estimatp floatinn-noint half 

ui igcmuic icui^iuual CO ill 1 1 0 1 C IIWOIII iy— WWH 11 i tall 


E RECEST F 16 X 


Ensemble reciprocal estimate floating-point half exception 


E.RECEST.F.32 


Ensemble reciprocal estimate floating-point single 


E.RECEST.F.32.X 


Ensemble reciprocal estimate floating-point single exception 


E.RECEST.F.64 


Ensemble reciprocal estimate floating-point double 


E.RECEST.F.64.X 


Ensemble reciprocal estimate floating-point double exception 


E.RECEST.F.128 


Ensemble reciprocal estimate floating-point quad 


E.RECEST.F. 128.X 


Ensemble reciprocal estimate floating-point quad exception 



Fig. 41A (cont'd) 



E RSQREST.F.16 


Ens mble floating-point reciprocal square root estimate half 


E RSQREST F 16.X 


Ensemble floating-point reciprocal square root estimate half exact i 


E.RSQREST.F.32 


Ensemble floating-point reciprocal squar root estimate single 


E.RSQREST.F.32.X 


Ensemble floating-point reciprocal square root estimate single exact 


E RSQREST F.64 


Ensemble floating-point reciprocal square root estimate double 


E RSQREST F 64 X 


Ensemble floating-point reciprocal square root estimate double exact 


E RSQREST F 128 


Ensemble floating-point reciprocal square root estimate quad 


E RSQREST F 128 X 


Ensemble floating-point reciprocal square root estimate quad exact 


E SINK F 16 


Ensemble convert floating-point doublets from half nearest default 


E SINK F 16 C 


Ensemble convert floating-point doublets from half ceiling 


F SINK F 16 C D 


Ensemble convert floating-point doublets from half ceiling default 


F SINK F 16 F 


Ensemble convert floating-point doublets from half floor 


F SINK F 16 F D 


Ensemble convert floating-point doublets from half floor default 


F SINK F 16 N 


Ensemble convert floating-point doublets from half nearest 


F SINK F 1fi X 


Ensemble convert floating-point doublets from half exact 


E SINK F 16 Z 


Ensemble convert floating-point doublets from half zero 


E SINK F 16 Z D 


Ensemble convert floating-point doublets from half zero default 


F SINK F 32 


Ensemble convert floating-point quadiets from single nearest default 


F SINK F 32 C 


Ensemble convert floating-point quadiets from single ceiling 


F SINK F 32 C D 


Ensemble convert floating-point quadiets from single ceiling default 


E SINK F 32 F 


Ensemble convert floating-point quadiets from single floor 


E SINK F 32 F D 


Ensemble convert floating-point quadiets from single floor default 


E SINK F 32 N 


Ensemble convert floating-point quadiets from single nearest 


E SINK F 32 X 

l— > w II il\.l ,\J£. ./X 


Ensemble convert floating-point quadiets from single exact 


E SINK F 32 Z 


Ensemble convert floating-point quadiets from single zero 


E SINK F 32 Z D 


Ensemble convert floating-point quadiets from single zero default 


E SINK F 64 


Ensemble convert floating-point octlets from double nearest default 


E SINK F 64 C 


Ensemble convert floating-point octlets from double ceiling 


E SINK F 64 C D 


Ensemble convert floating-point octlets from double ceiling default 


E SINK F 64 F 


Ensemble convert floating-point octlets from double floor 


E SINK F 64 F D 


Ensemble convert floating-point octlets from double floor default 


E SINK F 64 N 


Ensemble convert floating-point octlets from double nearest 


E SINK F 64 X 


Ensemble convert floating-point octlets from double exact 


E.SINK.F.64.Z 


Ensemble convert floating-point octlets from double zero 


E.SINK.F.64.Z.D 


Ensemble convert floating-point octlets from double zero default 


E.SINK.F.128 


Ensemble convert floating-point hexlet from quad nearest default 


E.SINK.F.128.C 


Ensemble convert floating-point hexlet from quad ceiling 


E.SINK.F.128.C.D 


Ensemble convert floating-point hexlet from quaJ ceiling default 


E.SINK.F.128.F 


Ensemble convert floating-point hexlet from quad floor 


E.SINK.F.128.F.D 


Ensemble convert floating-point hexlet from quad floor default 
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E SINK F 128 N 


Ensemble convert floating-point hexlet from quad nearest j 


E SINK F 128 X 


Ensemble convert floating-point hexlet from quad exact 


E SINK F 128 Z 


Ensembl convert floating-point hexlet from quad zero 


E SINK F 128 Z D 


Ensemble convert floating-point hexlet from quad zero default 


E SQR.F.16 


Ensemble square root floating-point half 


E SQR F 16 C 


Ensemble square root floating-point half ceiling j 


E SOR F 16 F 

UiWVKl x.I » I V.I 


Ensemble square root floating-point half floor 


E SQR F 16 N 

U.UWI \>l • IV. Ii 


Ensemble square root floating-point half nearest 


F ^OR F 16 X 


Ensemble square root floating-point half exact 


F QOR F 16 7 


Ensemble square root floating-point half zero 




Ensemble square root floating-point single 


F ^OR P?9H 


Ensemble square root floating-point single ceiling 


F ^OR F 32 F 


Ensemble square root floating-point single floor 


F SOR F 32 N 


Ensemble square root floating-point single nearest 


F SOR F 32 X 


Ensemble square root floating-point single exact 


E SOR F 32 Z 


Ensemble square root floating-point single zero 


F SOR F 64 


Ensemble square root floating-point double 


E SOR F 64 C 


Ensemble square root floating-point double ceiling 


F SOR F 64 F 


Ensemble square root floating-point double floor 


F SOR F 64 N 


Ensemble square root floating-point double nearest 


E SOR F 64 X 

LiUVjCI X.I . \J~ .A 


Ensemble square root floating-point double exact 


E SOR F 64 Z 


Ensemble square root floating-point double zero 


E SOR F 128 


Ensemble square root floating-point quad 


F SOR F 128 C 


Ensemble square root floating-point quad ceiling 


F SOR F 128 F 


Ensemble square root floating-point quad floor 


E SOR F 128 N 


Ensemble square root floating-point quad nearest 


E SOR F 128 X 


Ensemble square root floating-point quad exact 


E SOR F 128 Z 


Ensemble square root floating-point quad zero 


E SUM F 16 


Ensemble sum floating-point half 


E SUM F 16 C 


Ensemble sum floating-point half ceiling 


E SUM F 16 F 


Ensemble sum floating-point half floor 


E SUM F 16 N 


Ensemble sum floating-point half nearest 


E SUM F 16 X 

LxWWlVlil • 1 V.A 


Ensemble sum floating-point half exact 


E.SUM.F.16.Z 


Ensemble sum floating-point half zero 


E.SUM.F.32 


Ensemble sum floating-point single j 


E.SUM.F.32.C 


Ensemble sum floating-point single ceiling 


E.SUM.F.32.F 


Ensemble sum floating-point single floor 


E.SUM.r.32.N 


Ensemble sum floating-point single nearest 


E.SUM.F.32.X 


Ensemble sum floating-point single exact 


E.SUM.F.32.Z 


Ensemble sum floating-point single zero 



Fig. 41 A (cont'd) 



E.SUM.F.64 


Ensemble sum floating-point double 


E.SUM.F.64.C 


Ensemble sum floating-point double ceiling 


E.SUM.F.64.F 


Ensemble sum floating-point double floor 


E.SUM.F.64.N 


Ensemble sum floating-point double nearest 


E.SUM.F.64.X 


Ensemble sum floating-point double exact 


E.SUM.F.64.Z 


Ensemble sum floating-point double zero 


E.SUM.F.128 


Ensemble sum floating-point quad 


E.SUM.F.128.C 


Ensemble sum floating-point quad ceiling 


E.SUM.F.128.F 


Ensemble sum floating-point quad floor 


E.SUM.F.128.N 


Ensemble sum floating-point quad nearest 


E.SUM.F.128.X 


Ensemble sum floating-point quad exact 


E.SUM.F.128.Z 


Ensemble sum floating-point quad zero 



Selection 





op 


prec 


round/trap 


copy 


COPY 


16 32 64 128 


NONE X 


absolute 
value 


ABS 


16 32 64 128 


NONE X 


float from 
integer 


FLOAT 


16 32 64 128 


NONE C F N X Z 


integer 
from float 


SINK 


16 32 64 128 


NONE C F N X Z 
C.DF.DZ.D 


increase 

format 

precision 


INFLATE 


16 32 64 


NONE X 


decrease 

format 

precision 


DEFLATE 


32 64 128 


noneCFNXZ. 


negate 


NEG 


16 32 64 128 


NONE X 


reciprocal 
estimate 


RECEST 


16 32 64 128 


NONE X 


reciprocal 
square root 
estimate 


RSQREST 


16 32 64 128 


NONE X 


square root 


SQR 


16 32 64 128 


NONE C F N X Z 


sum 


SUM 


16 32 64 128 


NONE C F N X Z 



Fig. 41 A (cont'd) 



F rmat 

E.op.prec.round rd=rc 
rd=eopprecround(rc) 

31 24 23 18 17 , 12 11 65 0 

| E.prec | rd | rc | op | E.UNARY | 

8 6 6 6 6 



Fig. 41 B 



Definition 



def EnsembleUnaryFloatingPoint(op,prec,round,rd,rc) as 
c <- RegRead(rc, 128) 
case op of 

E.ABS.F, E.NEG.F, E.SQR.F: 
for i 4- 0 to 128-prec by prec 
ci<- F(prec,Cj +pr ec-1..i) 
case op of 

E.ABS.F: 

ai.t <- ci.t 
ai.s 4- 0 
aLe <- ci.e 
ai.f <- ci.f 
E.COPY.F: 

ai <- ci 
E.NEG.F: 

ai.t <- ci.t 
ai.s <- ~ci.s 
ai.e <- ci.e 
ai.f <r- ci.f 
E.RECEST.F: 

ai «- frecest(ci) 
E.RSQREST.F: 

ai <- frsqrest(ci) 
E.SQR.F: 

ai <- fsqr(ci) 

endcase 

ai+prec-1..i <- PackF(prec, ai, round) 
endfor 
E.SUM.F: 

p[0].t <- NULL 

for i <r- 0 to 128-prec by prec 

p[i+prec] <- fadd(p[i], F(prec,Cj +pre c-l..j)) 
endfor 

a <- PackF(prec, p[128], round) 
E.SINK.F: 

for i <- 0 to 128-prec by prec 

ci «- F(prec,Cj+p rec -l..i) 

ai+prec-1..i «- fsinkr(prec, ci, round) 
endfor 
E.FLOAT.F: 

for i <- 0 to 1 28-prec by prec 

ci.t *- NORM 

ci.e <- 0 

ci.s <— Cj+prec-1 

ci.f <- ci.s ? 1 + ^Cj+p r ec-2..i • Cj+ pr ec-2..i 
ai+prec-1..i «- PackF(prec, ci, round) 
endfor 



Fig. 41 C 



E. INFLATE. F: 

for i <- 0 to 64-prec by prec 
ci<- F(prec,Cj +pr ec-i..i) 

aj+i+prec+prec-1.J+i «- PackF(prec+prec, ci, round) 
endfor 
E.DEFLATE.F: 

for i 0 to 128-prec by prec 

ci F(prec,Cj + p re c-i.j) 

ai/2+prec/2-1..i/2 <- PackF(prec/2, ci, round) 
endfor 

ai27..64<-0 

endcase 

RegWrite[rd, 128, a] 
enddef 



Exceptions 

Floating-point arithmetic 



Fig. 41 C (cont'd) 



E.MUL.G.8 


Ensemble multiply Galois field byte 


E.MUL.G.64 


Ensemble multiply Galois field octlet 



Fig. 42A 



Format 



E.MUL.G.size ra=rd,rc,rb 



ra=emulgsize(rd,rc,rb) 

31 24 23 18 17 12 11 6 5 

n7MUL.G.size | rd j rc | rb | ra 



6 6 



Fig.42B 



Definition 

def c PolyMultiply(size,a,b) as 

p[0] <- 0 2 * size 

for k <- 0 to size-1 

p[k+1] <- p[k] A a k ? (0 size - k || b || 0 k ) : 0 2 * slze 

endfor 

c <r- p[size] 
enddef 

def c <- PolyResidue(size,a t b) as 
p[0] a 

for k <- size-1 to 0 by -1 

p[k+1] <- p[k] * p[0] S ize + k ? (0 size - k || 1 1 || b || 0 k ) : 02*size 
endfor 

c<- p[size] S ize-1..0 
enddef 

def EnsembleTernaryfop.size.rd.rcrb.ra) as 
d <- RegRead(rd f 128) 
c *- RegRead(rc, 128) 
b <- RegRead(rb, 128) 
case op of 

E.MUL.G: 

for i <- 0 to 128-size by size 

a S ize-1+U <- PolyResidue(sizePolyMul(size,c s j ze -u^^^ 
endfor 

endcase 

RegWrite(ra f 128, a) 
enddef 



Exceptions 

none 



Fig. 42C 
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rc(1 28) 



128 



ra(1 28) 
Ensemble multiply Galois field bytes 
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X COMPRESS 2 


Crossbar compress signed pecks 


X COMPRESS 4 


Crossbar compress signed nibbles 


X nOMPRFS^ 8 
/\. v/ivi i r\L_oo . u 


Crossbar compress signed bytes 


A.uVJlVir r\COO. ID 


Crossbar comoress sinnpd dmihlpte i 


X PHMPRF^ ^9 
A.vUivirrvcoo.Ot 


Crossbar comnrp<;^ sianpd nuarilpts 


A.ouivirr\coo.D*f 


Crossbar enmnrpss cirinpH nctlptc 




HmQchar mmnrocc cinneH hovlot 
vl vd0k/al uUIUjJICod oiyncu 1 IBAICl 


A.UUIvlrr\too.U.Z 


r^mcchar ^nmnroee tincinnoH no/*»vo 

viuooudi uuinprtJob urioiyiitJU pcuM> 


A.UUIVIrKtoo.U.H 


uiuooudi cumpress unsiyricu iMuuitJS 


A.OUMnKfcoo.U.o 


viussuar compress unsigneu Dyies 


A. o vJMKKfcoo.U.l O 


viUdsudi compress unsiyneu uouuieis 


A.L/UIVIrKboo.U.%3^ 


vrossuar compress unsiynea quaaieis 


V PnyDDCQC I I CIA 
A. v^MKKfcOO.U.O^f 


viuo&uai cumpress unsignea ucueis 


y ^omddpqq i \ ioq 

A.O^JIVIrrxtOo.U.n 


P.rocchar romnraee iincinnoH hoviot 


Y FYPAMn 9 


HrnQchar PYnanH cinnoH norlre i 
vi uoouai CApai iu oiy i iCU pc?d\o 


Y PYDAMH >1 


Prncchar ovnanH cinnaH nihhloc 
uiuooudi cApdiiu siyrtou niuuies 


Y FYPAMn Q 
A. t ArMIN LJ.O 


viuooudi tJApaiiu siyn&u uyies 


Y CYDAMn -I A 
A.tArMINU. 1 O 


Prncchar ovnanH cinnaH Hm iKIeato 

L/iubbudi cApdfiu bignetJ uouuieis 


Y CYDAMn OO 
A.tArMINU.OZ 


V-/IUbaUdi cApcinu Sly lieu vjUaOieiS 


Y FYPANin fi4 
A.CArnlNU.DH 


f^rncshar ovnanH cinnoH nnflotc 
vi uoouai CApai tu oiyiicvJ u^ucio 


X FXPANH 19ft 


Crossbar pxnanrl cinripH hpvlpf 


X FXPANH I J 9 


Crossbar exoand unsianpd npcks 


X EXPAND U 4 


Crossbar expand unsigned nibbles 


X EXPAND U 8 


Crossbar expand unsigned bytes 


X.EXPAND.U.16 


Crossbar expand unsigned doublets 


X.EXPAND.U.32 


Crossbar expand unsigned quadlets 


X. EXPAND. U.64 


Crossbar expand unsigned octlets 


X.EXPAND.U.128 


Crossbar expand unsigned hexlet 


X.ROTL.2 


Crossbar rotate left pecks | 


X.ROTL.4 


Crossbar rotate left nibbles 


X.ROTL.8 


Crossbar rotate left bytes 


X.ROTL.16 


Crossbar rotate left doublets 


X.ROTL.32 


Crossbar rotate left quadlets 


X.ROTL.64 


Crossbar rotate left octlets 


X.ROTL.128 


Crossbar rotate left hexlet 


X.ROTR.2 


Crossbar rotate right pecks 


X.ROTR.4 


Crossbar rotate right nibbles 


X.ROTR.8 


Crossbar rotate right bytes 


X.ROTR.16 


Crossbar rotate right doublets 



Fig. 43A 



X.ROTR.32 


Crossbar rotate right quadlets 


X.ROTR.64 


Crossbar rotate right octlets 


X.ROTR.128 


Crossbar rotate right hexlet 


X.SHL.2 


Crossbar shift left pecks 


X SHL 2 O 


Crossbar shift Ipft sianpd Deck^ phprk ovprflnw 


X.SHL.4 


Crossbar shift left nibbles 

* x»^ %mJ W U ■ +j Mill l\^ IV III m£ ■ 


X SHL 4 O 


Crossbar shift Ipft sinnpri nihhlps phppk nv/prflnvA/ 

vi woouai oimt icii wi^i icu i iiuixiczo vi ivJOfx uvci IIUW 


X SHL 8 

A. V 1 1 L_. U 


Crossbar shift Ipft bvfps 


X SHL 8 O 

XX . V 1 I^.U.V^ 


Prncchar chift loft cinnoH K\/toc phorl/ n\/orf1nu/ 

oiuobudi onm len oiyneu oyies or i6Ur\ Ovcniow 


X SHL 16 

XX. V 1 1 1_ . I v 


Crossbar shift Ipft rim ihlpts 


X SHL 16 O 


uiuooudr snjTi len signed uuuDieis cneCK overflow 


X SHI 


Crnsshar shift Ipft ni loHlotc 

vl Uddjdl Olilll roll l^UdUIUlo 


X SHL 32 O 

xx.vl \\— .\J £- . v_X 


Prncchar chift loft oinr^o/H rti io/Hlotc> ^»h^/"*lx x%% / a rfl a ■ 

viudoudi oniii i6ii oiyneu cjuaQieio cneCK OV6ITIOW 


X SHL 64 


Crossbar shift Ipft ontlpfs 

VI WOOUCII Olilll lull VvilvlO 


X SHL 64 O 


i rncchar chift loft cinnaH A^tlafe ^*hox*Ix AiiArfl/MK 

uiuooudi oiiiii leu oiyneu ucueio cnecK ovemow 


X SHL 128 


Crosshar shift Ipft hpvlpt 

wi woouai oiiiii roll I icaici 


X SHL 128 O 


r!rncchar chifl toff einnaH havlaf f*hor*Ix xx\/^rflxx\»# 

viuaaudi oniii leu oiyneu nexiei cneciv oveiTiow 


X SHL U 2 O 


Crnsshar shift Ipft i incinnoH no/"»Uc rho^ rx\/o rfl rs\ a i 
viuooUal of III l It^ll Ulloiyneu peCKo OlieOrx UVSlTlOW 


X SHL U 4 O 

XX. VI 1 L_ ♦ ^X . T . XX 


(irftCCnar shift loft i mcin norl r*> t W> t-\ 1 /-v pka/^l/ xx\/a rflfxi** 

uiuooudi oi in i leu unoiyneu niuuieo cnecix oveniow 


X SHL U 8 O 


Prrtcchar chift loft i incinnaH k\/toc /^h^^lx xx\/^rflxx»»* 

viuooudi or nil leu unoiyneu uyres onecK ovcniow 


X SHL U 16 O 


Crnsshar chlft Ipft i incinnoH rlfu ihlotc x*h oolx r%\ fQrfl/\ui 
viUooUdi olilll 1611 Ulloiyiieu UUUUIclS UlieUlx UVeiTlOW 


X SHL U 32 O 


Crnsshar chift Ipft i incinnoH ni loHlotc ^hor*lx xx\/orflxxtA/ 
viuooudl olilll 1611 Uiloiyil6U v^UaUI6lo OIi6Clx OVCiTlOW 


X SHL U 64 O 

a. v i 1 i_ . v . yjT . Xx 


i rncchar chift loft i incinnoH ^x*tl^tc» ^Ko^l/ o\/Arflj^\n 

viuooudi oiiiii i6u unsignea ociieis cneciN ovGmow \ 


X SHL U 128 O 


Prncchar chift loft i incinnaH Kovlat ^hor^lx xxv/x^rflxMAf 

viuoouai oiiiii leu unoiyneu nexiei C1I6CK ovGniow 


X.SHR.2 


Crossbar sianpci shift rinht nprkc 

xxi wwauai oivji icvi oiiiii i lyi ii |^c?v^ixO 


X.SHR.4 


Crossbar sionprl shift rinht nihhlpc 

vi vQ^uai oiyi icu Ol III l I iui 11 1 UUIX1C70 


X SHR 8 


Crossbar sionpH shift rinht hvtpc 1 

Vluoounl OIV^I ICU OIIIII 1 IUI 11 L/VlwO 


X SHR 16 

XX • \J 1 MX* 1 V/ 


Crossbar sinnpri shift rinht Hnnhlptc 

VI VOOUOI OIUI IGU OIIIII 1 IUI 11 UUUUlClo 


X SHR 32 


Crossbar sionpH shift rinht nnaHlotc 

viuoouai oiyi rou oi in l iiuih uuavJI6lO 


X SHR 64 


Crossbar sinnprf shift rinht nrtlptc 

xxi woouai oiyi rou oi in i i iui ii uuilCid 


X.SHR.128 


Crossbar signed shift right hexlet 


X.SHR.U.2 | 


Crossbar shift right unsigned pecks 


X.SHR.U.4 


Crossbar shift right unsigned nibbles 


X.SHR.U.8 


Crossbar shift right unsigned bytes 


X.SHR.U.16 


Crossbar shift right unsigned doublets 


X.SHR.U.32 


Crossbar shift right unsigned quadlets 


X.SHR.U.64 


Crossbar shift right unsigned octlets 


X.SHR.U.128 


Crossbar shift right unsigned hexlet 



Fig. 43A (cont'd) 



Selection 



class 


op 


size 


precision 


EXPAND EXPAND.U 
COMPRESS 

COMPRESS. 

U 


2 4 8 16 32 64 128 


shift 


ROTR ROTL SHR SHL 
SHL.O SHLU.O 
SHR.U 


2 4 8 16 32 64 128 



Format 

X.op.size rd=rc,rb 
rd=xopsize(rc,rb) 

31 252423 18 17 12 11 65 21 0 

| XSHIFT |s | rd I rc | rb I op fszl 

7 1 6 6 6 4 2 

Isize 4- log(size) 
s <- Isize2 
sz <r- Isize 1..0 

Fig. 43B 



Definition 

def Crossbar(op,size t rd,rc,rb) 
c <- RegRead(rc, 128) 
b <- RegRead(rb, 128) 
shift <r- b and (size-1) 
case 0P5..2 II 0 2 of 
X.COMPRESS: 

hsize <r- size/2 

for i <- 0 to 64-hsize by hsize 
if shift < hsize then 

aj+hsize-1..i «- Cj+j+ S hift+hsize-1. J+i+shift 

else 

aj+hsize-1 ..i <- c f+i+s&e?f II Cj+j+size-1 . J+i+shift 

endif 
endfor 
ai27..64<-0 
X.COMPRESS.U: 
hsize <- size/2 

for i <- 0 to 64-hsize by hsize 
if shift < hsize then 

aj+hsize-1. J *- Ci+i+shift+hsize-1..i+i+shift 

else 

ai + hsize-1.J <- oshift-hsize || c l+ j +S ize-1..W+shift 

endif 
endfor 
ai27..64<-0 
X.EXPAND: 

hsize <- size/2 

for i <- 0 to 64-hsize by hsize 
if shift < hsize then 

a i+j+size-1..i+i «- cfiSWf II c i+hsize -l ..ill O^ift 

else 

aj+i+size-U+i <- Cj +S jze-shrft-1.J II ° shift 

endif 
endfor 
X.EXPAND.U: 

hsize <r- size/2 

for i <r- 0 to 64-hsize by hsize 
if shift £ hsize then 

a i+ i+size-1..W <- Ohsize-shift || c^ze-I.A II 0 shift 

else 

ai+i+size-1..i+: «- Cj +S ize-shift-1.j II ° shift 

endif 
endfor 
X.ROTL: 

for i <- 0 to 128-size by size 

aj+size-1.J <- Cj+ S ize-1 -shift. i II Cj+ S ize-1.J+size-1 -shift 
endfor 



Fig. 43C 



X.ROTR: 

for i <- 0 to 128-size by size 

ai+size-1..i «- c i+shift-1..i II Cj+ s j ze -1..i+shift 
endfor 
X.SHL: 

for i <- 0 to 128-size by size 

ai+size-1..i <- Ci+size-1-shift..i II 0 sh,ft 
endfor 
X.SHL.O: 

for i <- 0 to 128-size by size 

if Cj + size-1J+size-1 -shift * c ?4*ell -shift then 
raise FixedPointArithmetic 

end if 

aj+size-1.J <- Cj+size-1 -shift.. ill 0 shift 
endfor 
X.SHL.U.O: 

for i <r- 0 to 128-size by size 

if Cj+size-1 .-i+size-shift * 0 shlft then 
raise FixedPointArithmetic 

end if 

ai+size-1..i <- Cj+size-1 -shiful I 0 shifl 
endfor 
X.SHR: 

for i <- 0 to 1 28-size by size 

aj+sfze-U «- II c i+size-1..i+shift 

endfor 
X.SHR.U: 

for i <- 0 to 128-size by size 

aj+size-1..i «- 0 sh,ft || Cj+size.! >j+sh jft 
endfor 

endcase 

RegWrite(rd, 128, a) 
enddef 



Exceptions 

Fixed-point arithmetic 

Fig. 43C (cont'd) 













i I i 



Compress 32 bits to 16, with 4-bit right shift 
Fig. 43D 



Op ration codes 



X.SHL.M.2 


Crossbar shift left merge pecks 1 


X.SHL.M.4 


Crossbar shift left merge nibbles 


X.SHL.M.8 


Crossbar shift left merge bytes 


X.SHL.M.16 


Crossbar shift left merge doublets 


X.SHL.M.32 


Crossbar shift left merge quadlets 


X.SHL.M.64 


Crossbar shift left merge octlets 


X.SHL.M.128 


Crossbar shift left merge hexlet 


X.SHR.M.2 


Crossbar shift right merge pecks 


X.SHR.M.4 


Crossbar shift right merge nibbles ^1 


X.SHR.M.8 


Crossbar shift right merge bytes 


X.SHR.M.16 


Crossbar shift right merge doublets j 


X.SHR.M.32 


Crossbar shift right merge quadlets 


X.SHR.M.64 


Crossbar shift right merge octlets 


X.SHR.M.128 


Crossbar shift right merge hexlet 



Fig. 43E 



Format 



X.op.size rd@rc,rb 

rd=xopsize(rd,rc,rb) 

31 252423 18 17 12 11 6 5 21 0 

I XSHIFT ls| rd j rc I rb | op | sz] 

7 1 6 6 6 4 2 

Isize <- log(size) 
s <- Isize2 
sz <- Isize 1..0 

Fig 43F 



Definition 

def Crossbarlnplace(op,size,rd,rc,rb) as 
d <- RegRead(rd, 128) 
c <- RegRead(rc, 128) 
b «- RegRead(rb, 128) 
shift <- b and (size-1) 
for i <r- 0 to 128-size by size 
case op of 

X.SHR.M: 

ai+size-1..i <- Cj+ S hift-1„i II di+size-1..i+shift 
X.SHL.M: 

ai+size-1..i di+size-1-shifU II Cj+ S hift-1 ..i 

endfor 

RegWrite(rd, 128, a) 
enddef 

Exceptions 

none 



Fig 43G 



Operati n codes 



A.UUIVir rvLOO.I.^ 


Crossbar compress immediate signed pecks 


A.vvlvir r\t-00. 1 .*t 


Crossbar compress immediate signed nibbles 


A.UUIVIrrxCOO.I.O 


Crossbar compress immediate signed bytes 


A.UvJIVInKtOO.I. ID 


Crossbar comDress immediate sianed doublets 


A.UUIVlrKtoo.l.oZ 


Crossbar comnrpss immediate sioned auadlets 


A.OUMKKtoo.l.DH 


Crossbar comDress immediate sioned octlets 


V r"*f~MVVIDDCCQ 1 10ft 

A.UUMrKtoo.l. IZO 


Crossbar comnrpss immediate sianed hexlet 


A.UUMrKtoo.l.U.Z 


f^rnsshar rnmnrp?? immpriiafp unsinnpri opcks 


A.LUMrKboo.l.U.4 


PrncQhar rnmnrpcc immpriiafp unsinnpri nihhlps 

viudduai uui I iui coo ii I ii i icuia ic u i loiyj icu uiuuicd i 


X.COMPREob.l.U.o 


Prncchar rnmnrocc immoHiato imcinn^H h\/toc 
UlUdsUdi uuiii^iCdd ii 1 ii i icuiaic ui loiyi icu uyico 


A.COMPRcbo.l.U.lb 


viuoouai cumpicdo iriiiiicuiaic uiioiyucu uuuuicio 


A.COMrKboo.!.U.oz 


Pmcchar rnmnrocc immoHistP uncinnoH m laHlotc 
UlUooUal UUIII[JfCoo HI IlilCUlalC Ul loiyl leu LjUdUlclo 


A.UUMrKboo.l.U.D4 


Prncchar rnmnrpQQ immpriiafp unsinnpri o^*tl^tQ 
oiudouai uui i iui coo ii i ii i icuici ic uiioiyiicu uuucio 


A.UUIVIrKboo.l.U.Uo 


Prncchar rnmnrocc immoHisto I incinnoH Hovlot 

vlUodUal UUI 1 ipi COO II III! ICUIalC Ul lOiyi ICU MCAICL 


V CYDAMH 1 O 

A.fcAKAINU.I.^ 


PrnQQhar pynanri immpriiafp sinnpri nprk«* 
vi uoouai CAjJai iu hi ii i icuia ic o ly i icu ucur\o 


V CYDAMH 1 /I 


Prn^Qhar pynanH immpriiafp sinnpri nihhlp»Q 
wi uooual CApai iu ii i u i icuiaic otyi icu iiiuuico 


V CYDA MR 1 Q 

A.bArANU.I.o 


vluooUal CApdl IU 11 ( II 1 icuiaic oiyi icu uy ICO 


A.bArANU.I.l O 


Prncchar evnanH immoHiatp cinn^H rim iKIafc 
vl UOOUdl CAjJdl IU 11 1 II i icu i die oiyi ICU UUUUIClO 


V CYDAMH I QO 

A.tAKAINU.I.oZ 


Prrtcchar ovnanH immprliato cinnpH ni isHlotc 
uiuooudi CAjJdi iu ii i ii I icu laic oiyi icu u,uduicio 


V CYDAMn I ft/I 

A. tAKArNU.I.DH» 


("*rnsshar pynanr! immoriiafp sinnpri or^flpfs 

V/IUOdUOl CAUdl IU II 1 II 1 ICUIdlC Oiy 1 ICU UUUCIO 


V CYDA Kin I i OQ 

A.fcAnAINU.I. I 


f^rosshar pynanri immpriiafp sionpH hpylpf 

vlUdOUdl CAj^al IU II 1 II 1 ICUIdlC oiyi ICU 1 ICAICl 


V CYDAMn I I I O 
A. tAKAINU.I.U.Z 


flrosshar pynanri immpriiafp unsinnpri npcks 

Vl UOvmQI CApal IU II 1 11 1 ICUId IC Ul 1 o i y 1 IvU 


V CYDAMPI I I I A 
A.bArAlNU.I.U.4 


f^rnsshar pynanri immpHiatP unsinnpH nthhlps 
uooudi cAUdi iu ii i ii i icuicj ic ui loiyi icu iiiuuico 


Y CYDAMn I I I Q 
A.tAKAINU.I.U.O 


rirosshar pynanri immpriiafp unsinnpH h\/fps 
vi usouai cAUdi iu ii i ii i icuioic ui i oiy i icu uytco 


Y CYDAMn I I I *lft 
A. tAr AINU. I. U. ID 


Orosshar pynanri inrmprliafp unsinnprl rloiihlpfs 

viudsuoi CApai iu ii i .i i icuiaic ui loiyi icu uuuuicio 


V CYDAMn I I I *50 
A.tAKAINL/.I.U.oZ 


rirnssHar pynanri immpriiafp unsinnpri nuarilpfs 

vl UOOUal CAUallU II 1 ll 1 ICUIalC Ul lOlyl ICU U,UaUlClO 


Y CYDAMn I I I f\A 


Crosshar pynanri immpdiafp unsinnpri nr*flpfs 

vi Uwouai cAj^ai iu ii i ii i icuia ic ui toiyi icvj vvucio 


Y CYDAMn I I I 19ft 
A.tAKAiNU.I.U. 1 


r*!rnsshar pynanri immpriiafp unsinnpri hpylpf 
vi uoouai caucii iu ii i ii i icuiaic ui loiyi icu iicaici 


Y DHTI 1 O 


f^rnsshar rnfafp Ipff immpriiafp npr*lcs 

Vl Uwdl/QI lUlQlv ICIl II 1 II 1 ICIJIOIC pCwl\g 


Y DATI 1 A 
A.KVJ 1 L.l.*f 


r^rnssHar rnfafp Ipff immpriiafp ninhips 
viuoouai i uidic ic 1 1 iiiniicuiaic inuuico 


Y DHTI 1 P 
A.KU 1 L.I.O 


Crnsshar rnfafp Ipff immpriiafp hvfps 
vi uoouai i \j la ic ic 1 1 ii i ii i icuidic uyico 


Y DHTI 1 1 ft 
A.K<J I L.I.T D 


(Crnsshar rnfafp Ipff immpriiafp rini ihlpfs 
viuoouai tuidic icii ii i ii i icuiaic uuu uic 10 


Y DOT! I 


C^msshar rnfafp Ipff immpriiafp ni tarilpfs 
viuoouai luidic icu ii i ii i icuiaic u, u a u l c to 


X ROTL I 64 


Crossbar rotate left immediate octlets 


X.ROTL.1.128 


Crossbar rotate left immediate hexlet 


X.ROTR.I.2 


Crossbar rotate right immediate pecks 


X.ROTR.I.4 


Crossbar rotate right immediate nibbles 


X.ROTR.I.8 


Crossbar rotate right immediate bytes 


X.ROTR.1.16 


Crossbar rotate right immediate doublets 


X.ROTR.I.32 


Crossbar rotate right immediate quadlets 


X.ROTR.I.64 


Crossbar rotate right immediate octlets 


X.ROTR.1.128 


Crossbar rotate right immediate hexlet 1 



Fig. 43H 



V QUI 1 O 


Pmcchar chift loft immorliato r^or^lrc 


Y QUI 1 1 O 

A.oriL.l.z.w 


f^ro^^hsr ^hift loft immorfiato Qinnori nprkc fhock nuprflrtu/ 


V QUI 1 A 

A.onL.1.4 


frocchar chift loft immorltato nihhloc 


y qui i a r\ 


f* ro QQhar oh iff loft immprliatp cinnpH nihhloc rhort ov/orflr»\A/ 

UlUOOUdl olllll ICIl II J 11 1 IGUIa LC OiyilCU lllUUIGO LI ICOf^ UVt?lilUW 


Y QUI 1 Q 
A.onL.I.O 


Prncchar chift loft immoHiato hutoc 


V QUI 1 q r\ 

A.onL.l.o.U 


orossoar sniTi leri irnrneuiaie signed Dyies cneCK overnow 


v o ui i a a 
X.bHL.I.Ib 


orossDar snin ien immeaiaie oouDieis 


Y QUI 1 4 C A 

A.orlL.l.ib.U 


v^rossDar snin len irnrneuiaie signea aouuieis cneCK ovsmow 


X.SHL.1.32 


Crossbar shift left immediate quadlets 


X.SHL.I.32.0 


Crossbar shift left immediate signed quadlets check overflow 


X.SHL. 1.64 


urossoar snin left immediate octlets 


V/ O 1 1 1 | /-» >t /"\ 

X.SHL.I.64.0 


Crossbar shift left immediate signed octlets check overflow 


X.SHL. 1.128 


Crossbar shift left immediate hexlet 


X.SHL.I.128.0 


Crossbar shift left immediate signed hexlet check overflow 


X.SHL. I. U. 2. 0 


Crossbar shift left immediate unsigned pecks check overflow 


v/ r> t ii i i i a /-\ 

X.SHL. I.U.4.0 


Crossbar shift left immediate unsigned nibbles check overflow 


X.SHL.I.U.8.0 


Crossbar shift left immediate unsigned bytes check overflow 


X.SHL.I.U.16.0 


Crossbar shift left immediate unsigned doublets check overflow 


X.SHL.I.U.32.0 


Crossbar shift left immediate unsigned quadlets check overflow 


\/ OLJI 1 1 1 CA ^\ 

X.SHL. I.U. 64. 0 


Crossbar shift left immediate unsigned octlets check overflow 


v oui i i i a oo r\ 

X.SHL.I.U.128.0 


Crossbar shift left immediate unsigned hexlet check overflow 


V CUD 1 O 

X.oHR.I.2 


Crossbar signed shift right immediate pecks 


v oi in i a 

A.oHK.1.4 


urossuar signea snm ngnt immeaiaie niDDies 


X.SHK.1.8 


Crossbar signed shift right immediate bytes 


X.SHK.I.Id 


Crossbar signed shift right immediate doublets 


V CUD 1 OO 

X.SHK.1.32 


Crossbar signed shift right immediate quadlets 


V CUD 1 C A 

X.SHR.1.64 


Crossbar signed shift right immediate octlets 


X SHR 1 1°8 


Crossbar sianed shift riaht immediate hexlet 

■ w w ' ^AJ ■ > W wl III 1 • ^ II 1 II 1 1 w \md | a ^ W 1 IvAlv V 


X.SHR.I.U.2 


Crossbar shift right immediate unsigned pecks 


X.SHR.I.U.4 


Crossbar shift right immediate unsigned nibbles 


X.SHR.I.U.8 


Crossbar shift right immediate unsigned bytes 


X.SHR.I.U.16 


Crossbar shift right immediate unsigned doublets 


X.SHR.I.U.32 


Crossbar shift right immediate unsigned quadlets 


X.SHR.I.U.64 


Crossbar shift right immediate unsigned octlets 


X.SHR.I.U.128 


Crossbar shift right immediate unsigned hexlet 



Fic,. 43H (cont) 



Sel ction 



class 


op 


size 


precision 


COMPRESS.) 
COMPRESS.I.U EXPAND.I 
EXPAND. I.U 


2 4 8 16 32 64 128 


shift 


ROTL.I ROTR.I 
SHL.I SHLI.O 
SHL.I.U.O 
SHR.I SHR.I.U 


2 4 8 16 32 64 128 


copy 


COPY 





Format 



X.op.size rd=rc,shifl 

rd=xopsize(rc,shift) 

31 24 23 18 17 12 11 65 0 

| XSHIFTI | rd | rc | simm | op | 

8 6 6 6 6 

X.<- 256-2*size+shift 
OP1..0 <- 17..6 
simm <— ts. o 



Fig. 431 



Definition 

def CrossbarShortlmmediate(op,rd,rc,simm) 
case (opi..o II simm) of 



0..127: 




size 


<- 128 


128.. 191: 




size 


<- 64 


192..223: 




size 


4-32 


224..239: 




size 


<- 16 


240..247: 




size 


«-8 


248..251: 




size 


<-4 


252..253: 




size 


<r- 2 


254..255: 





raise Reservedlnstruction 

endcase 

shift +- (opo || simm) and (size-1) 
c <- RegRead(rc, 128) 
case (ops.,2 II 0 2 ) of 
X.COMPRESS.I: 
hsize +- size/2 

for i <- 0 to 64-hsize by hsize 
if shift < hsize then 

ai+hsize-1..i Cj+i+shift+hsize-1 ..i+i+shift 

else 

aj+hsize-1..i *- <^+sk1PP II Ci+i+size-1 ..i+i+shift 

endif 
endfor 

ai27..64<-0 
X.COMPRESS.I.U: 
hsize <- size/2 

for i 4- 0 to 64-hsize by hsize 
if shift < hsize then 

ai+hsize-1..i «- Cj+i+shift+hsize-1.. i+i+shift 

else 

aj+hsize-1..i «- 0 shift " hsi2e || q+i+sfce-1.. i+i+shift 

endif 
endfor 

3127..64 <- 0 



Fig. 43J 



X.EXPAND.I: 

hsize «- size/2 

for i <- 0 to 64-hsize by hsize 
if shift < hsize then 

aj + j +S ize-1 .. W <- cftfSQtp || Cj+hsfee.! j || O^ift 

else 

aj+i+size-1 ..i+i «- C|+size-shift-1 ..ill ° shm 

endif 
endfor 
X.EXPAND.I.U: 

hsize <- size/2 

for i <- 0 to 64-hsize by hsize 
if shift < hsize then 

aw+8feo-1..W <- 0 hsize * shift || Cj+hsize-1..i II 0 shift 

else 

ai+i+size-1..i+i <- Ci+size-shift-1..i II ° shift 

endif 
endfor 
X.SHL.I: 

for i <- 0 to 128-size by size 

ai+size-1.J «- Ci+size-1-shifL.ill 0 shifl 
endfor 
X.SHL.I.O: 

for i 0 to 128-size by size 

if Cj+size-1 ..i+size-1 -shift * cf+sce^1 -shift then 
raise FixedPointArithmetic 

endif 

ai+size-1..i <- Ci+size-1-shifull 0 shm 
endfor 
X.SHL.I.U.O: 

for i <- 0 to 128-size by size 

'f Cj+size-1..i+size-shift * 0 shift then 
raise FixedPointArithmetic 

endif 

ai+size-1..i <- Cj+ S ize-1-shifull 0 shift 
endfor 

Fig. 43J (cont) 



X.ROTR.I: 

for i <- 0 to 128-size by size 

ai+size-1..i <- Cj+ S hjft-1..i || Cj+ S j ze -iJ+shift 

endfor 
X.SHR.I: 

for i <- 0 to 1 28-size by size 

ai+size-1 J «- cf+sce-l II c i+size-1 ..i+shift 
endfor 
X.SHR.I.U: 

for i <r- 0 to 128-size by size 

aj+size-1..i <- 0 shjft || c i+S i 2e . 1>J+shift 
endfor 

endcase 

RegWrite(rd, 128, a) 
enddef 



Exceptions 

Fixed-point arithmetic 
Reserved Instruction 

Fig. 43J (cont) 



Operation codes 



X SHL M 1 2 


C^m^^har ^hift Ipft mprnp immpHiato nor*l^Q 
viuoouai oiiiii icu incite ii i ii i icu idle ^/"^r\o 


X SHL M 1 4 


Crossbar ^hift Ipft mprnp immpHiafp nihhlpQ 
viuoouai omul twiv 1 1 ici yu ii i ii i icuiaio I iiuuiuo 


X SHL M 1 8 


C^rn^^hsr ^hift Ipft mprnp immpHiafp K\/toc 
viuoouai oiiiii icu iiiciyv/ ii i ii i icuiaiu uyico 


X SHL M 1 16 


Orn^^har ^hift Ipft mprnp immprlistp HnuKlotc 
viuoouai oiiiii icil imci^c? n i n i luuiaic uuuuiclo 


X SHL M 1 32 


C\ rr\ cehar chift loft" morno immoHiato ni loHlatc 
wi uooudl OIIIII Igll 1 1 Id II 1 if 1 IcUlaic l|UdUlclo 


X.SHL.M.1.64 


Crossbar shift left merge immediate octlets 


X.SHL.M.1.128 


Crossbar shift left merge immediate hexlet 


X.SHR.M.I.2 


Crossbar shift right merge immediate pecks 


X.SHR.M.I.4 


Crossbar shift right merge immediate nibbles 


X.SHR.M.I.8 


Crossbar shift right merge immediate bytes 


X.SHR.M.1.16 


Crossbar shift right merge immediate doublets 


X.SHR.M.I.32 


Crossbar shift right merge immediate quadlets 


X.SHR.M.I.64 


Crossbar shift right merge immediate octlets 


X.SHR.M.1.128 


Crossbar shift right merge immediate hexlet 



Fig 43K 



Format 



X.op.size rd@rc,shift 
rd=xopsize(rc,shift) 

31 24 23 18 17 12 11 6 5 0 

I XSHIFTI I rd | fc | simm | op | 

8 6 6 6 6 

t V 256-2*size+shift 

OPl..0<~t7..6 

simm <— t5..o 



Fig 43L 



Definition 

def CrossbarShortlmmediatelnplacefop.rd.rc.simm) 
case (opi..o II simm) of 



0..127: 






4-128 


1 £~\> .. 19 1* 




size 


*- 64 


192..223: 




size 


<- 32 


224.239: 




size 


<- 16 


240..247: 




size 


<- 8 


248..251: 




size 


<- 4 


252..253: 




size 


<- 2 


254..255: 





raise Reserved Instnjction 

endcase 

shift <- (opo II simm) and (size-1) 
c <- RegRead(rc, 128) 
d <- RegRead(rd, 128) 
for i <- 0 to 128-size by size 
case (op5„2 II 0 2 ) of 
X.SHR.M.I: 

ai+size-1..i <- Cj+ S hift-1..i II dj+ S ize-1..i+shift 
X.SHL.M.I: 

ai+size-1..i <- d i+size-1-shifU II Cj+ S hifM..i 

endcase 
endfor 

RegWrite(rd, 128, a) 
enddef 

Exceptions 

Reserved Instruction 

Fig 43M 



Format 



X. EXTRACT ra=rd,rc,rb 



ra=xextract(rd,rc,rb) 

31 24 23 18 17 12 11 65 

I QP I rd I rc | rb I ra 

8 6 6 6 6 



Fig. 44A 



Definition 



def CrossbarExtract(op,ra.rt),rc,rd) as 
d 4- RegRead(rd, 128) 
c 4- RegRead(rc. 128) 
b 4- RegRead(rb, 128) 
ca se b 8..0 o1 



0..255: 




gsize «- 128 


256. 


.383: 




gsize «- 64 


384. 


.447: 




gsize 4- 32 


448. 


.479: 




gsize*- 16 


480. 


.495: 




gsize «- 8 


496. 


.503: 




gsize «- 4 


504. 


.507: 




gsize <- 2 


508..511: 




gsize 4- 1 



endcase 
m <— b-j 2 

as 4- signed 4- b^4 
h 4- (2-m)*gsize 

spos 4- (bg ,o) and ((2-m)*gsize-1 ) 
dpos 4- (0 || b23..i6) and (gsize-1) 
sfsize 4- (0 H b3i 24) and (gsize-1) 

tfsize 4- (sfsize = 0) or ((sfsize+dpos) > gsize) ? gsize-dpos : sfsize 
fsize 4- (tfsize ♦ spos > h) ? h - spos : tfsize 
for i 4- 0 to 128-gsize by gsize 
case op of 

X. EXTRACT: 
if m then 

P<- d gsize+i-1..i 

else 

P4-(d|| c) 2 *(gsize+j).l..2*i 

endif 

endcase 

v4-(as&p n . 1 )||p 

w 4- (as & vspos^fsize-l) 9 ^ 8 ^^ 5 II vfeize-1+spos..spos II 0 d P° s 
if m then 

a S ize-1+i..i «- Cgsize-l+L.dpos+fsize+i II w dpos+fsize-1..dpos II Cdpos-1+u 

else 

a S ize-1+U«- w 

endif 

endfor 

RegWrite(ra, 128, a) 
nddef 



Exceptions 

none 



Fig. 44B 



< — fs i zo > < dpos 
Crossbar extract 

Fig. 44C 



< — fs i zo — x epos 




rd 



< — fsiz e — > < dpos 
Crossbar merge extract 



Fig. 44D 



Operation c des 



E.MUL.X 


Ensemble multiply extract 


E. EXTRACT 


Ensemble extract 


E.SCAL.ADD.X 


Ensemble scale add extract 



Fig. 44E 



Format 



E.op ra=rd,rc,rb 



ra=eop(rd,rc,rb) 

31 24 23 18 17 12 11 65 0 

I op I rd | rc | rb | ra | 



6 



Fig. 44F 



def mul(size,h,vs f v,i,ws f w t j) as 

mui <r- ((vs&v siz e.i + j) h - slze II v S j Z e-1+Li) * ((ws&w size -i + j) h - size II w S jze-i+j..j) 
enddef 

def EnsembleExtract(op,ra,rb,rc,rd) as 
d <- RegRead(rd, 128) 
c <- RegRead(rc t 128) 
b <- RegRead(rb, 128) 
case b8..o of 



0..255: 






sgsize 




128 


2S6..383: 






sgsize 


<— 


64 


384..447: 






sgsize 




32 


448..479: 






sgsize 


<- 


16 


480..495: 






sgsize 


<— 


8 


496..503: 






sgsize 


<- 


4 


504..507: 






sgsize 


<— 


2 


508..511: 






sgsize 


<r- 


1 



endcase 
l<-bn 
m <— b-|2 
n <- bi3 
signed <— bf4 
case op of 

E. EXTRACT: 

gsize <- sgsize 

h <- (2-m)*gsize 

as <- signed 

spos <- (bs..o) and ((2-m)*gsize-1) 
E.SCAL.ADD.X: 

if (sgsize < 8) then 

gsize <- 8 
elseif (sgsize*(n+1) > 32) then 

gsize <-32/(n+1) 

else 

gsize «- sgsize 

endif 

ds <- cs signed 

bs <- signed A m 

as signed or m or n 

h <- (2*gsize) + 1 + n 

spos <- (b8..o) and (2*gsize-1) 

Fig. 44G 



E.MULX: 

if (sgsize < 8) then 

gsize <- 8 
elseif (sgsize*(n+1 ) > 1 28) then 

gsize <- 128/(n+1) 

else 

gsize <- sgsize 

endif 

ds <- signed 

cs <- signed A m 

as <r- signed or m or n 

h <- (2*gsize) + n 

spos <- (b8..o) and (2*gsize-1) 

endcase 

dpos <r- (0 || b23..16) and (gsize-1) 
r <- spos 

sfsize +- (0 || b3i..24) and (gsize-1) 

tfsize <- (sfsize = 0) or ((sfsize+dpos) > gsize) ? gsize-dpos : sfsize 
fsize <r- (tfsize + spos > h) ? h - spos : tfsize 
" ( b 10..9 = Z) and not as then 
rnd <r- F - 

else 

rnd <- b-io..9 

endif 

for i <- 0 to 128-gsize by gsize 
case op of 

E. EXTRACT: 
if m then 

P «- dg S i Z e+M..i 

else 

P <- (d || c)2*(g S ize+i)-1..2 # i 

endif 
E.MUL.X: 

if n then 

if (i and gsize) = 0 then 

p <- mul(gsize f h,ds,d t i t cs,c f i) - mul(gsize,h,ds f d f i+size,cs,c,i+size) 

else 

p <- mul(gsize t h,ds f d,i,cs,c,i+size) + muKgsize.h.ds.d.i.cs.c.i+size) 

endif 

else 

p <- mul(gsize,h,ds,d f i,cs,c,i) 

endif 

Fig. 44G (cont) 



E.SCAL.ADD.X: 
if n then 

if (i and gsize) = 0 then 

p <r- mul(gsizei,h I ds,d,i,bs,b,64+2*gsize) 
+ mul(gsize,h,cs,c,i,bs,b t 64) 

- mul(gsize t h,ds,d t i+gsize,bs t b,64+3*gsize) 

- mul(gsize t h,cs,c t i+gsize,bs,b ? 64+gsize) 

else 

p <r- mul(gsize,h t ds l d l i,bs,b,64+3*gsize) 
+ muKgsize.h.cs.c.i.bs.b^+gsize) 
+ mul(gsize f h t ds,d,i+gsize,bs,b f 64+2*gsize) 
+ muKgsize.h.cs.c.i+gsize.bs.b^) 

endif 

else 

p <- muKgsize.h.ds.dJ.bs.b^+gsize) + mul(gsize l h,cs 1 c t i ? bs f b,64) 

endif 



endcase 






case rnd of 




N: 








s «- 0 h * r 


II ~Pr II PF" 1 


Z: 








s <- 0 h - r 


HPn-1 


F: 


s *- 0 h 




C: 








s <- 0 h " r 


IM r 


endcase 






v <- ((as 


&Ph-l)llP) 


+ (0||s) 



* (Vh..r+fsize = (as & v r+fs j ze -i )^ + 1-r-fsize) or not ( | and {op = e.EXTRACT)) then 
w <- (as & Vr+fsize-ijg^^^Pos || v fsize . 1+r ;. r || 0 d P°* 

else 

w <- (s ? ( Vh || * v g sj2e - d P° s - 1 ) : igsize-dpos) || O dpos 

endif 

if m and (op = E.EXTRACT) then 

a size-1+U «- c gsize-1+Ldpos+fsize+i II w dpos+fsize-1 ..dpos II c<jpos-1+1..i 

else 

asize-1+U «- w 

endif 
endfor 

RegWrite(ra f 128, a) 
enddef 

Exceptions 

none 



Fig. 44G (cont) 



X DEPOSIT.2 


Crossbar deoosit sianed Decks 


X.DEPOSIT.4 


Crossbar deposit signed nibbles 


X.DEPOSIT.8 


Crossbar deposit signed bytes 


X.DEPOSIT.16 


Crossbar deoosit sianed doublets 


X DEPOSIT 32 


Crossbar deoosit sianed auadlets i 


X DEPOSIT 64 


Crossbar deoosit sianed octlets 


X DEPOSIT 128 


Gro^^har deoosit sianed hexlpt 

VlvvwwCII UvpVvli wIV^I IvU 1 IvAlvl 


X DEPOSIT U 2 


viuoouai ucpuon uiioiu,iic?u f/curxo 


X DEPOSIT U 4 


V/l U99UCII UCpUOIl LII lOlyl IC7VJ 1 1 1 LJ L/ 1 


X DFPO^IT U ft 




X DFPOSIT U IB 


Prnccha r H^rv^cit i inctnnoH Hon Kioto 
viuoouai ucpuoii uiioiwjiicu UUUUmio 


X DFPOSIT U 19 


HroQchar Hooi^icit i mcinnoH m orlloio 
vlU9v>Udl ucpuoll uiiolLjlloU LjUdUIUlb 


X DFPO^IT LJ 64 




X DEPOSIT U 128 


HrnQQhar Hpnocit iinQinnoH hovlot 


X WITHDRAW U 2 


t^ro^^har withHraw iincinn^H nor'lro 
wiuoouai w in ivj I aw ui ioiy l leu [JcuNo 


X WITHDRAW U 4 


Groc,ch£ir withHr^w nnQinripH nihhloQ 


X WITHDRAW U 8 

XV . Willi I— ' 1 V/ V V V . . w 


Hrn^Qhsr \A/ithHra\A/ i mcinnoH h\/foc 

vlUdOUCll WllllvilCflVV UI lolLJI IC7U uyiuo 


X WITHDRAW U 16 


HrnQQhar u/ithrlrsiu/ i mcinnoH Hr\i i Kioto 
vi uooual will lUl a W uiiolyjilCU UUUUIclo 


X WITHDRAW U 32 

X\ . Willi 1 \J \ V V ■ V_/ . \J Cm. 


r^ro<5Qhflr with H raw i mcinnoH nt oHIotc 
viuoouai win iui aw uiioivjilCU LjUaUlcla 


X WITHDRAW U 64 


HrocQhar VA/ithHraiA/ 1 1 ncinnoH r^r^tloto 

vlUooUal Will IUI aW UllwlLJIIwU Ul/Uvlo 


X.WITHDRAW.U.128 


Crossbar withdraw unsigned hexlet 


X.WITHDRAW.2 


Crossbar withdraw pecks 


X.WITHDRAW.4 


Crossbar withdraw nibbles 


X.WITHDRAW.8 


Crossbar withdraw bytes | 


X.WITHDPxAW.16 


Crossbar withdraw doublets 


X.WITHDRAW.32 


Crossbar withdraw quadlets 


X.WITHDRAW.64 


Crossbar withdraw octlets 


X. WITH DRAW. 128 


Crossbar withdraw hexlet 



Fig. 45A 



Equivalencies 



X. SEX. 1.2 


Crossbar extend immediate signed pecks 


X.SEX.1.4 


Crossbar extend immediate signed nibbles 


X.SEX.1.8 


Crossbar extend immediate signed bytes 


X. SEX. 1.1 6 


Crossbar extend immediate signed doublets 


X.SEX.1.32 


Crossbar extend immediate signed quadlets 


X. SEX 1.64 


Crossbar extend immediate signed octlets 


X.SEX.1.128 


Crossbar extend immediate signed hexlet 


X.ZEX.1.2 


Crossbar extend immediate unsigned pecks 


X.ZEX.1.4 


Crossbar extend immediate unsigned nibbles 


X.ZEX.1.8 


Crossbar extend immediate unsigned bytes 


X.ZEX.1.16 


Crossbar extend immediate unsigned doublets 


X.ZEX.1.32 


Crossbar extend immediate unsigned quadlets 


X.ZEX.1.64 


Crossbar extend immediate unsigned octlets 


X.ZEX.1.128 


Crossbar extend immediate unsigned hexlet 



X.SHLI.gsize rd=rc,i 


-> 


X.DEPOSIT.gsize rd=rc,size-i f i 


X.SHR.Lgsize rd-rc t i 


—> 


X.WITHDRAW.gsize rd=rc ? size-U 


X.SHRU.I.gsize rd=rc,i 


-> 


X.WITHDRAW.U.gsize rd=rc,size-i,i 


X.SEX.Lgsize rd=rc,i 


— > 


X.DEPOSIT.gsize rd=rc,i,0 


X.ZEX.I.gsize rd=rc,i 


-> 


X.DEPOSIT.U.gsize rd=rc,i f 0 


Redundancies 


X.DEPOSIT.gsize rd=rc,gsize,0 


<=> 


X.COPY rd=rc 


X.DEPOSIT.U.gsize rd=rc,gsize,0 


<=> 


X.COPY rd=rc 


X.WITHDRAW.gsize rd=rc,gsize,0 


<=> 


X.COPY rd=rc 


X.WITHDRAW.U.gsize rd=rc,gsize,0 


<=> 


X.COPY rd=rc | 



Fig. 45A (cont'd) 



Format 



X.op.gsize rd=rc f isize,ishift 
rd=xopgsize(rc,isize,ishift) 

31 26252423 18 17 12 11 65 0 

I QP I 'h | rd | rc | gsfp | gsfs H 

6 2 6 6 6 6 

assert isize+ishift < gsize 
assert isize>1 

iho || gsfs <- 128-gsize+isize-1 
ihi || gsfp <r- 128-gsize+ishift 

Fig. 45B 



Definition 

def CrossbarField(op,rd,rc,gsfp,gsfs) as 
c <- RegRead(rc, 128) 
case ((opi || gsfp) and (opo II gsfs)) of 

0..63: 

gsize <- 128 
64..95: 

gsize <- 64 
96..111: 

gsize <- 32 
112.. 119: 

gsize <— 16 
120..123: 

gsize <— 8 
124.. 125: 

gsize <- 4 

126: 

gsize <- 2 

127: 

raise Reserved Instruction 

endcase 

ishift <r- (opi || gsfp) and (gsize-1) 
isize ((opo II gsfs) and (gsize-1 ))+1 
if (ishift+isize>gsize) 

raise Reservedlnstruction 

endif 

case op of 

X.DEPOSIT: 

for i <- 0 to 128-gsize by gsize 

a j+ gsize-1..i «- || c i+i size-1..i II 0 lshifl 

endfor 
X.DEPOSIT.U: 

for i <- 0 to 128-gsize by gsize 

a i+gS ize-1..i «- 09size-isize-ishift „ Ci+iS i ze -i..i || O^ift 
endfor 
X.WITHDRAW: 

for i <- 0 to 128-gsize by gsize 

aj+gsize-1..i «- c^ze+iihift-1 II Ci+isize+ishift-1..i+ishift 
endfor 
X.WITHDRAW.U: 

for i <- 0 to 128-gsize by gsize 

ai+gsize-1..i «- 09size-isize || Cj+j S j 2 e+ishift-1.j+ishift 
endfor 

endcase 

RegWrite(rd, 128, a) 
enddef 

Exceptions 

Reserved instruction 

Fig. 45C 



127 



ih t | | gsfp 



0 




ih 0 ||gsfs 127 



encoding for crossbar field 
Fig. 45D 



< — fsizo — ► 




< — f siz e — x dpos 



crossbar deposit 
Fig. 45E 




< — fsiz e — ► 



crossbar withdraw 



Fig. 45F 



Operation codes 



X.DEPOSIT.M.2 


Crossbar deposit merge pecks 


X.DEPOSIT.M.4 


Crossbar deposit merge nibbles 


X.DEPOSIT.M.8 


Crossbar deposit merge bytes 


X.DEPOSIT.M.16 


Crossbar deposit merge doublets 


X.DEPOSIT.M.32 


Crossbar deposit merge quadlets 


X.DEPOSIT.M.64 


Crossbar deposit merge octlets 


X.DEPOSIT.M.128 


Crossbar deposit merge hexlet 



Fig 456 



Format 



X.op.gsize rd@rc,isize,ishift 
rd=xopgsize(rd,rc,isize,ishift) 

31 26252423 18 17 12 11 6 5 0 

j op | ih | rd | rc | gsfp | gsfs I 

6 2 6 6 6 6 

assert isize+ishift < gsize 
assert isize>1 

iho || gsfs <r- 128-gsize+isize-1 
ihi || gsfp <- 128-gsize+ishift 



Fig 45H 



Definition 

def CrossbarFieldlnplace(op,rd,rc,gsfp,gsfs) as 
c <- RegRead(rc, 128) 
d <- RegRead(rd, 128) 
case ((opi || gsfp) and (opo || gsfs)) of 
0..63: 

gsize <- 128 
64..9S: 

gsize <- 64 
96.. 111: 

gsize «- 32 
112.. 119: 

gsize <- 16 
120.. 123: 

gsize <- 8 
124.. 125: 

gsize <- 4 

126: 

gsize <- 2 

127: 

raise Reserved Instruction 

endcase 

ishift <- (opi || gsfp) and (gsize-1) 
isize <r- ((opo || gsfs) and (gsize-1 ))+1 
if (ishift+isize>gsize) 

raise Reserved Instruction 

end if 

for i <- 0 to 1 28-gsize by gsize 

ai+gsize-1..i <- dj+g S ize-1..i+isize+ishift II Cj+jsize-1 J II dj+j S hifM ..i 
endfor 

RegWrite(rd, 128, a) 
enddef 

Exceptions 

Reserved instruction 

Fig 451 



< — fsize — >< dpoa 
crossbar deposit merge 

Fig 45J 

4 



X.SHUFFLE.4 


Crossbar shuffle within pecks 


X.SHUFFLE.8 


Crossbar shuffle within bytes 


X.SHUFFLE.16 


Crossbar shuffle within doublets 


X.SHUFFLE.32 


Crossbar shuffle within quadlets 


X.SHUFFLE.64 


Crossbar shuffle within octlets 


X.SHUFFLE.128 


Crossbar shuffle within hexlet 


X.SHUFFLE.256 


Crossbar shuffle within triclet 



Fig. 46A 



Format 



X.SHUFFLE.256 rd=rc,rb,v,w,h 
X.SHUFFLE.size rd=rcb,v,w 

rd=xshuffle256(rc,rb,v,w,h) 
rd=xshufflesize(rcb,v,w) 

31 24 23 18 17 12 11 6 5 0 

| X.SHUFFLE | rd | rc | rb | op ~| 

8 6 6 6 6 

rc <- rb <- rcb 
x<-log2(size) 
y<-log2(v) 
z«-log2(w) 

op <- ((x*x*x-3*x*x-4*x)/6-(z*z-z)/2+x*z+y) + (size=256)*(h*32-56) 



Fig. 46B 



Definition 



def CrossbarShuffle(major f rd,rc,rb,op) 
c «- RegRead(rc, 128) 
b <- RegRead(rb, 128) 
if rc=rb then 
case op of 
0..55: 

for x <- 2 to 7; for y <- 0 to x-2; for z <- 1 to x-y-1 

if op = ((x*x*x-3*x*x-4*x)/6-(z*z-z)/2+x*z+y) then 
fori<-0to127 

a i *- c 06..x II iy + z-1..y II kl..y« II iy-1..o) 

end 

endif 

endfor; endfor; endfor 
56..63: 

raise Reservedlnstruction 

endcase 

elseif 

case op4..o of 
0..27: 

cb <- c || b 

x<-8 

h<~op5 

for y <- 0 to x-2; for z <~ 1 to x-y-1 

^ OP4..0 = ((1 7*z-z*z)/2-8+y) then 
fori<-h*128to 127+h*128 

3i-h*128 «- Cbfl^^y || » x -1..y+z || iy.L.0) 

end 

endif 
endfor; endfor 
28..31: 

raise Reservedlnstruction 

endcase 

endif 

RegWrite(rd ? 128, a) 
enddef 



Exceptions 

Reserved Instruction 



Fig. 46C 



127 




rcb(128) 




0 




















F 








i— As i 




127 




rd(128) 




0 



4-way shuffle bytes within hexlet 



Fig. 46D 



rc (128) 128127 rb(128) o 




4-way shuffle bytes within triclet 



Fig. 46E 



Format 



X.SWIZZLE rd=rc f icopy,iswap 
rd =xswizzle(rc, icopy , iswap) 

31 26 2524 23 18 17 12 11 6 5 0 

[^SWIZZLE | lh | rd | rc I icopya T iswapa I 

6 2 6 6 6 6 

icopya +- icopys..o 
iswapa <- iswap 5 ..o 
ih <r- icopy6 || iswap6 

Fig. 47A 



Definition 

def GroupSwizzlelmmediateOh.rd.rc.icopya.iswapa) as 
icopya- ihi || icopya 

iswap iho || iswapa 
c <r- RegRead(rc, 128) 
fori<-Oto 127 

a i <~ C(i & icopy) A iswap 
endfor 

RegWrite(rd, 128, a) 
enddef 

Exceptions 

none 



Fig. 47B 



16-bit reverse 
Fig. 47C 



\ X.SELECT.8 | Crossbar select bytes 

Format 



op ra=rd,rc,rb 



ra=op(rd,rc,rb) 

31 



-2EL 



8 



24 23 



18 17 



12 11 



6 5 



rd 



rc 



rb 



ra 



6 



6 

Fig. 47D 



Definition 

def CrossbarTernary(op,rd,rc,rb,ra) as 
d <r- RegRead(rd, 128) 
c <- RegRead(rc, 128) 
b <- RegRead(rb, 128) 
dc <r- d || c 
for i <- 0 to 15 

j <- bs*j+4..8*i 

38*i+7..8*i <~ dca*j+7..8*j 
endfor 

RegWrite(ra, 128, a) 
enddef 

Exceptions 

none 



Fig. 47E 



Pin summary 



A20M# 


I 


Address bit 20 Mask is an emulator sianal 


A31..A3 


IO 


Address, in combination with byte enable, indicate the 
nhvsical addrp^p^ of mpmorv or Hpvicp that the* iarne*t 

of a bus transaction. This signal is an output, when the 
processor is initiating the bus transaction, and an input 

whpn thp nrocp^sor rpppivinn an inniiirp transaction nr 

snooping another processor's bus transaction. 


ADS# 


IO 


ADdress Strobe, when asserted, indicates new bus 
transaction by the processor, with valid address and byte 
enable simultaneously driven. 




n 


Muuress o i roue uopy is unven lueniicauy to aaaress 
strobe 


AHOLD 


I 
i 


AHHrPQQ HOI r% u/hpn accprtorl psmcoc tho nrnnnecnr 
nuui cod (I w wL«f , wi led doocllcU, L/dUoco II ic JJiUUCSSUr IO 

cease driving address and address parity in the next bus 
clock cvHp 


AP 


IO 


Address Parity contains even parity on the same cycle as 
address. Address parity is generated by the processor 

wi ici i auuicao io all uui^ui, diivj io Uiit?Ur\t;U writ?n aQUicSS 

is an input. A parity error causes a bus error machine 
check 


APCHK# 


o 


Address Parity CHecK is asserted two bus clocks after 
EADS# if address parity is not even parity of address. 


APICEN 


I 


Advanced Programmable Interrupt Controller ENable 

is not imnlpmpntpri 

IO llvl 11 1 IfJl \71 1 ICI 1 LC7vJ • 


BE7# BEO# 


IO 


Rvfp Pnablp inrlioatpc. which hx/tPQ aro tho cnhior^t nf o 
uy%^ uiiawic it luiuaico wi ML/ 1 1 uyico alt? lilt? oUUIcui \Ji a 

read or write transaction and are driven on the same cycle 
as address. 


BF1..BF0 


I 


Bus Frpnuencv i°. QamnlpH to naimit cnfHA/aro tn colorf 
r icifuciivy io Odi 1 I|JIC7VJ i\J pel 1 1 III oUllWdic IU bclcL/l 

the ratio of the processor clock to the bus clock. 


BOFF# 


I 


BaclcOPF IQ camnlpH on tho ricinn orino of oarh Ki io olnot^ 
uaurvv/i I io oai I Ul 1 11 IC 1 loll iy CUyt? Ul cdUl 1 UUb OlUL>r\ t 

and when asserted, the processor floats bus signals on the 
next bus clock and aborts the current bus cycle, until the 
backoff signal is sampled negated. 


BP3..BP0 


o 


Breakpoint is an emulator signal. 


BRDY# 


I 


Bus ReaDY indicates that valid data is present on data on 
a read transaction, or that data has been accepted on a 
write transaction. 


BRDYC# 


I 


Bus ReaDY Copy is identical to BRDY#; asserting either 
signal has the same effect. 


BREQ 


o 


Bus REQuest indicates a processor initiated bus request. I 



Fig. 48 





1 
1 


BUo CHecK is sampled on the rising edge of the bus 
clock, and when asserted, causes a bus error machine 
cnecK. 


CACHE# 


o 


CACHE, when asserted, indicates a cacheable read 
xransaciion or a Durst write transaction. 




1 
1 


dus OLocrv provides the bus clock timing edge and the 
frequency reference for the processor clock. 


OrU I Yr 


1 

1 


CPU TYPe, if low indicates the primary processor, if high, 
the dual processor. 


D/C# 


1 

1 


Data/Code is dnven with the address signal to indicate 
data, code, or special cycles. 


D63..D0 


IO 


Data communicates 64 bits of data per bus clock. 


D/P# 


o 


Dual/Primary is driven (asserted, low) with address on 
the primary processor 


DP7..DP0 


IO 


Data Parity contains even parity on the same cycle as 
data. A parity error causes a bus error machine check. 


DPEN# 


IO 


Dual Processing Enable is asserted (driven low) by a 
Dual processor at reset and sampled by a Primary 
processor at the falling edge of reset. 


EADS# 


1 


External Address Strobe indicates that an external 
device has driven address for an inquire cycle. 


EWBE# 


1 


External Write Buffer Empty indicates that the external 
system has no pending write. 


FERR# 


o 


Floating point ERRor is an emulator signal. 


FLUSH# 


1 


cache FLUSH is an emulator signal. 


FRCMC# 


1 


Functional Redundancy Checking Master/Checker is 

not implemented. 


HIT# 


IO 


HIT indicates that an inquire cycle or cache snoop hits a 
valid line. 


HITM# 


IO 


HIT to a Modfied line indicates that an inquire cycle or 
cache snoop hits a sub-block in the M cache state. 


i it r% a 

HLDA 


o 


bus HoLD Acknowlege is asserted (driven high) to 
acknowlege a bus hold request 


MULU 


1 

1 


bus HOLD request causes the processor to float most of 
its pins and assert bus hold acknowlege after completing 
an uuioidiiuii ly uuo if di loduiiuiio, or Quriny resex. 


IERR# 


o 


Internal ERRor is an emulator signal. 


IGNNE# 


1 


IGNore Numeric Error is an emulator signal. 


INIT 


1 


INITialization is an emulator signal. 


INTR 


1 


maskable IN TeRrupt is an emulator signal. 


INV 


1 


INValidation controls whether to invalidate the addressed 
cache sub-block on an inqure transaction. 



Fig. 48 (cont'd) 



KEN# 


I 


Cache ENabl is driven with address to indicate that the 
read or write transaction is cacheable. 


LINT1..LINT0 


I 


Local INTerrupt is not implemented. 


LOCK# 


O 


bus LOCK is driven starting with address and ending 
after bus ready to indicate a locked series of bus 
transactions. 


M/IO# 


o 


Memory/Input Output is driven with address to indicate a 
memory or I/O transaction. 


NA# 


I 


Next Address indicates that the external system will 
accept an address for a new bus cycle in two bus clocks. 


NMI 


I 


Non Maskable Interrupt is an emulator signal. 


PBGNT# 


IO 


Private Bus GraNT is driven between Primary and Dual 
processors to indicate that bus arbitration has completed, 
granting a new master access to the bus. 


PBREQ# 


IO 


Private Bus REQuest is driven between Primary and Dual 
processors to request a new master access to the bus. ! 


PCD 


o 


Page Cache Disable is driven with address to indicate a 
not cacheable transaction. 


PCHK# 


o 


Parity CHecK is asserted (driven low) two bus clocks after 
data appears with odd parity on enabled bytes. 


PHIT# 


IO 


Private HIT is driven between Primary and Dual 
processors to indicate that the current read or write 
transaction addresses a valid cache sub-block in the slave 
processor. 


PHITM# 


IO 


Private HIT Modified is driven between Primary and Dual 
processors to indicate that the current read or write 
transaction addresses a modified cache sub-block in the 
slave processor. 


PICCLK 


I 


Programmable Interrupt Controller CLocK is not 

implemented. 


PICD1..PICD 
0 


IO 


Programmable Interrupt Controller Data is not 

implemented. 


PEN# 


I 


Parity Enable, if active on the data cycle, allows a parity 
error to cause a bus error machine check. 


PM1..PM0 


o 


Performance Monitoring is an emulator signal. 


PRDY 


o 


Probe ReaDY is not implemented. 


D1A/X 


r\ 

\J 


Page Write Through is driven with address to indicate a 
not write allocate transaction. 


R/S# 


I 


Run/Stop is not implemented. 


RESET 


I 


RESET causes a processor reset. 


SCYC 


o 


Split CYCIe is asserted during bus lock to indicate that 
more than two transactions are in the series of bus 
transactions. 



Fig. 48 (c nfd) 





i 


oysiem rvianagerneni interrupt is an emuiaior signal. 


cyi Apjif 




oysiern lYianagemeni interrupt mu i ive is an emulator 

oiy I leal . 


CTppi K# 

O 1 rOLrXtf 


1 
i 


QT/%P PI ic an omi ilatnr cinnal 




1 
I 


Tpcf PI nrK fnlln\A/c IPPP 1 
1 col wLUwr\ IVJIIUWo ILCC 1 l*+C7. 1 . 


Tni 


1 
1 


i est uata inpui toiiows ittt i n^y.i . 


TDO 


o 


Test Data Output follows IEEE 1 149.1. 


1 Mb 


l 
1 


lest Mode oeiect toiiows it be 1 14y.i. 


TRST# 


i 


Test ReSeT follows IEEE 1149.1. 




1 
1 


\/PP ~f O Q\/ o* OR nine 

vuL/ ot z.ov ai pins 


VCC3 


i 


VCC of 3.3V at 28 pins 


VCC2DET# 


o 


VCC2 DETect sets appropriate VCC2 voltage level. 


VSS 


1 


VSS supplied at 53 pins 


W/R# 


o 


Write/Read is driven with address to indicate write vs. 
read transaction. 


WB/WT# 


1 


Write Back/Write Through is returned to indicate that 
data is permitted to be cached as write back. 



Fig. 48 (cont'd) 



Electrical Specifications 



Clock rate 


66 MHz 


75 MHz 


100 MHz 


133 MHz 




Parameter 


min 


max 


min 


max 


min 


max 


min 


max 


unit 


CLK frequency 


33.3 


66.7 


37.5 


75 


50 


100 




133 


MH 

z 


CLK period 


15.0 


30.0 


13.3 


26.3 


10.0 


20.0 






ns 


CLK high time (>2v) 


4.0 




4.0 




3.0 








ns 


CLK low time (<0.8V) 


4.0 




4.0 




3.0 








ns 


CLK rise time (0.8V->2V) 


0.15 


1.5 


0.15 


1.5 


0.15 


1.5 






ns 


CLK fall time (2V->0.8V) 


0.15 


1.5 


0.15 


1.5 


0.15 


1.5 






ns 


CLK period stability 




250 




250 




250 






ps 
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A31 3 valid delav 


1.1 


6.3 


1.1 


4.5 


1.1 


4.0 






1 io 


A31 3 float delav 




10.0 




7.0 




7.0 






1 IO 


ADS# valid delay 


1.0 


6.0 


1.0 


4.5 


1.0 


4.0 






ns 

1 lw 


ADS# float delay 




10.0 




7.0 




7.0 






1 Iv7 


ADSC# valid delay 


1.0 


7.0 


1.0 


4.5 


1.0 


4.0 






ns 


ADSC# float delav 




10.0 




7 0 

1 . VJ 




7 0 

f • VJ 






1 Id 


AP valid dplav 


1 0 

1 •V/ 


8 5 

VJ . vJ 


1 0 

1 . VJ 


vj\ vJ 


1 0 

1 . VJ 









lib 


AP float delav 




10 0 

1 V/ > V/ 




7 0 

f . VJ 




7 0 

# . VJ 






n c 


APCHK# valid delav 


1 0 

1 • VJ 


8 3 

VJ. VJ 


1 0 

1 . VJ 


4 5 

"T. w 


1 0 

I . vy 


4 S 

*T. VJ 






no 

ns 


RF7 0# valid delav 

l_J L_ / ..v/rr vdlivJ UCIdy 


1 0 

1 . VJ 


7 0 


1 0 

1 . VJ 


*t. vy 


1 0 


4 O 






ns 


RF7 0# float delav 

ul. r . . \jtt iiuai uuiay 




10 0 

I vj . Vj 




7 0 

1 . VJ 




7 0 






ns 


RP^ 0 valid delav 

ur vj..vj vaiiu vj wig y 


1 0 

I . VJ 


10 0 

1 VJ . VJ 














ns 


RRFO valid delav 

ui \uv« vciiivj viwiciy 


1 0 

I . VJ 


a o 

VJ. VJ 


1 0 

1 . VJ 


4 5 

*T. sJ 


1 0 

1 . VJ 


4 0 






ns 


CACHE# valid delav 

1 1 1_ Tr V d 1 1 VI VJ C7 IQV 


1 0 


7 0 

f . VJ 


1 0 

1 .Vj 


4 S 

*T. vJ 1 


1 0 

I . Vj 


4 0 






ns 


CACHE# float delav 

v^/^v-^i 1 1— it iivjcii uoay 




10 0 

1 VJ.Vj 




7 0 

/ .Vj 




7 0 






ns 


D/C# valid delav 


1 0 


7 0 1 

f . VJ 


1 0 
1 . Vj 


4 5 

*t. vJ 


1 0 

I • Vj 


4 0 






ns 


D/C# float delav 




10 0 

1 VJ . VJ 




7 0 

/ . vJ 




7 0 

/ .VJ 






ns 


Dfi^ 0 writp data valid dplav 
L/Uw. . vj w 1 1 ic vioici vciiivj uciay 


1 ^ 


7 ^ 

f -VJ 


1 ^ 


4 




4 ^ 






n o 

ns 


0 writp data float dplav 

UUw«.v Wl llw VJ CI LCI IIVJCII VJwICiy 




10 0 

1 VJ . Vj 




7 0 
i .vj 




7 O 






n o 

ns 


DP7 n write data valid dplav 

i-Ji f . . VJ Wl vJ CI LCI VdllvJ vJOIdj 


1 ^ 


7 ^ 

r .vJ 


I .o 


4 ^ 


I .o 








ns 


DP7 0 writp data float dplav 

LVI / . . VJ VV 1 1 Iw VJC11GI 1 1 VJCI L VJv71Ciy 




10 0 

l VJ . VJ 




7 0 




7 0 

# .VJ 






no 

ns 


FERR# valid delav 

1 La 1 X 1 nit V CI 1 1 Wl vi C7 1 CI y 


1 0 

1 .VJ 


8 3 

VJ. VJ> 


1 0 

1 .VJ 


4 

*T . vJ 


1 0 

1 . Vj 


4 *S 






nc 
1 lo 


HIT# valid dplav 

Ml 1 TT VCIIIVJ VJCriCiy 


1 0 


8 8 

VJ. VJ 


1 0 

1 -VJ 


4 ^ 


1 O 


4 O 






n o 

ns 


HITM# valid delav 

1 II 1 1 V 1 Tr VCIIIVJ vJVslCiy 


1 1 

I.I 


6 0 

VJ. VJ 


1 1 


4 S 

*T. V^ 


1 1 


4 0 






no 
llo 


HLDA valid delav i 

i 1 1— i— ^ f \ v ci 1 1 vi vj v7i ci y 


1 0 

1 . VJ 


6 8 

VJ . VJ 


1 0 

1 . VJ 


4 *S 

t . vJ 


1 0 

1 .Vj 


4 0 






nc 
1 lo 


IERR# valid delav 

IL_I\I \TT VCIIIVJ UGIO y 


1 0 

1 • VJ 


8 3 

Vj . \J 














no 

no 


LOCK# valid delav I 

u v V— ^ 1 \TT V CI 1 1 VJ VJ V^ 1 CI y 


1 1 

1*1 


7 0 

f . VJ 


1 1 


4 ^ 

*t. vJ 


1 1 


4 0 






no 
lib 


LOCK* float dplav 

L-Wv/ixfr iivjcil vJCiciy 1 




10 0 

1 VJ.VJ 




7 O 




7 n 






ns 


M/IO# valid dplav 
ivi/iwtt vcii ivj udcty 


1 0 




1 o 
1 .vj 




1 O 


A O 






ns 


M/IO# float delav 




10 0 

1 VJ . VJ 




7 0 

# . VJ 




7 0 






n o 

no 


PCD valid delav ! 

i vciiivj vJwiciy 


1 0 

1 -V/ 


7 0 


1 0 


4 ^ 

*T. vJ 1 


1 0 


4 0 






n o 

no 


PCD float delav 

i iivjcii VJwiciy 




10 0 

1 VJ. VJ 




7 0 




7 O 

f .VJ 






no 

ns 


PCHK# valid delav 

l >/ 1 lJ\Tr VCIIIVJ VJwICiy 


1 0 

1 .VJ 


7 0 I 

f . Vj 


1 0 

1 . VJ 


4 S 

*T. vJ 


1 0 


4 ^ 






n o 
lib 


PM1 0 valid delav 

j ivi i • »vj vciiivj vj w i ci y 


1 0 

1 .VJ 


10 0 

I vj . vj 














no 

ns 


PRDY valid delav 

i i >u/ i vciiivj VJC7ICI y 


1 0 

1 .VJ 


8 0 

VJ . VJ 














n o 

ns 


PWT valid delay 


1.0 


7.0 


1.0 


4.5 


1.0 


4.0 






ns 


PWT float delay 




10.0 




7.0 




7.0 






ns 


SCYC valic delay 


1.0 


7.0 


1.0 


4.5 


1.0 


4.0 






ns 


SCYC float delay 




10.0 




7.0 




7.0 






ns 


SMIACT# valid delay 


1.0 


7.3 


1.0 


4.5 


1.0 


4.0 






ns 


W/R# valid delay 


1.0 | 


7.0 


1.0 i 


4.5 


1.0 


4.0 






ns 


W/R# float delay 




10.0 




7.0 




7.0 






ns 
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A31..5 setup time 


6.0 




3.0 




3.0 








l lo 


A31 5 hold time 

8 \ 1 • • Vp^ 1 1 w l\i Willi \^ 


1.0 




1.0 




1 0 

1 • w 








nc 


A20M# setup time 


5.0 




3.0 




3.0 








1 Iw 


A20M# hold time 


1.0 




1.0 




1.0 








1 Iw 


AHOLD setup time 


5.5 




3.5 




3.5 








1 IO 


AHOLD hold time 


1.0 




1.0 




1.0 








1 IO 


AP setuD time 

8 \m \J V 4 Villi 


5.0 




1.7 




1 7 








1 lo 


AP hold time 

m \u ■ 1 WlVI VII 1 1 w 


1.0 




1 0 

1 • w 




1 0 








1 lo 


ROFF# epti in timp 


w'.vS 




V>.*J 




O. 








ns 


ROFF# hold timp 

LJ\J 1 I TT 1 lUiU III I IC 


1 0 




1 0 












ns 


BRDY# setuo time 


5 0 

w . w 




^ 0 

w . \J 












ns 


BRDY# hold time 

\mJ 1 \ L- / 1 TT 1 IWIU LI 1 I 1 w 


1 0 




1 0 




1 0 








ns 


BRDYC# setuo time 

t—f 1 \l— / 1 \-/7T 0^1U|7 III 1 1 


5 0 

w . w 








^ 0 

O. w 








ns 


BRDYC# hold time 

l— ^ 1 \L/ 1 V^TT 1 IUIU HI 1 Iw 


1 0 




1 0 




1 0 








ns 


BUSCHK# setuo time 


5 0 

w . \J 








O.vJ 








ns 


BUSCHK# hold time 

L_/ x«/ I || V7» 1 IwiU LI 1 1 1 


1 0 

1 . w 




1 0 

1 . w 




1 0 








ns 


D63 0 read data ^etun time 

L— ' WW . . W 1 W d LCI OvlU[J III 1 Iw 


2 a 




1 7 




1 7 








ns 


D63 0 read data hold time 

fc^Vw».w 1 w C4 w. VJGILG1 1 Iwlvl III 1 Iv 


1 5 

1 - w 
















ns 


DP7 0 read data setun time 

I 1 . . V/ 1 V/OLi w. C4 lu IU bill Iv 


2 8 

£— • w 




1 7 




1 7 








ns 


DP7 0 read data hold time 

' • • ..w 1 vuU Uulu 1 IVJIU LI 1 1 1 W 


1 5 

1 • w 




1 . w 












ns 


EADS# <?ptijr> time 

L>r\L/LyTT OUlUjJ III 1 Iv7 






^ 0 




O.VJ 








ns 


EADS# hold time 

I— * \±^KJTT 1 IV/IU LI 1 1 1 


1 0 

1 » w 




1 0 




1 O 








ns 


EWBE# setuo time 

* * * 1—7/ WWLwL^ HI 1 Iw 


5 0 

w . w 




1 7 
• * * 




1 7 








no 

ns 


EWBE# hold time 

l— w ¥ l—-* L_ Tf I IVIU ill I 1 W 


1 0 I 

1 . w 




1 0 












ns 


FLUSH# setuo time 

■ «— ' V. / 1 lii ww IU LJ LI 1 1 1 w 


5 0 




1 7 




1 7 








ns 


FLUSH# hold time 

1 L.UUI ITT 1 IUIU III 1 Iw 


1 0 




1 n 




1 n 








ns 


FLUSH# a<5vrifi duIsp width 

• ww7\»/i itt uoyi iw k/uiov v v i vj LI i 


2 




o 




o 










HOLD setuo time 

• ' L. IS wwLUw LII • Iw 


5 0 




1 7 




1 7 








ns 


HOLD hold time 

» tys^ts i iv/iu li I 1 1 w 


1 • w 




1 .o 




1 ^ 
I .o 








ns 


IGNNE# setuo time 

1 Mil L. 1 1 WW IU yj LII 1 1 v> 


5 0 

w . w 




1 7 




1 7 








ns 


IGNNE# hold time 


1 0 

1 • w 




1 0 




1 0 








ns 


IGNNE# asvnc oulse width 

■ *S * " » » » r C4 w y 1 Iv kVUI WW If 1 \J LII 


2 




o 




2 










IN IT setuo time 


5 0 




1 7 




1 7 








ns 


INIT hold time 


1 0 

1 • w 




1 0 




1 n 








ns 


INIT asvnc oulse width 

ii ii i wJwyi iw i^uiww it lull 1 


2 




o 




2 










INTR setup time 


5.0 




1.7 




1.7 








ns 


INTR hold time 


1.0 
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ns 


INV setup time 


CO 




1.7 




1.7 








ns 


INV hold time 


1.0 
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ns 


KEN# setup time 


5.0 




3.0 I 




3.0 








ns 


KEN# hold time 


1.0 
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ns 


NA# setup time 


4.5 
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1.7 








ns | 
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NA# hold time 
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ns 


NMI setuD time 
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ns 


NMI hold time 


1.0 




1.0 




1.0 








ns 


NMI asvnc pulse width 
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2 
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PEN# setuD time 

1 L— I 111 \J \^ \J III 1 IV 
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1.7 
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1 IO 


PEN# hold time 
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ns 


R/S# setuD time 


5.0 




1.7 
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ns 


R/S# hold time 
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1 lw 


R/S# asvnc Dulse width 
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SMI# setup time 
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ns 


SMI# hold time 
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ns 


SMI# asvnc pulse width 
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CLK 


STPCLK# setup time 
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ns 


STPCLK# hold time 
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ns 


WB/WT# setup time 
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ns 


WB/WT# hold time | 


1.0 




1.0 




1.0 








ns 
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RESET setup time 
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FLUSH# setup time 
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FLUSH# hold time 
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FLUSH# setup time 
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ns 


Mo i ..o noiu lime 


u.o 
















ns 


u/L/fF setup nme 


4.U 
















ns 


r\ ir^-H Y\r\\A lima 

u/o# noiu ume 


u.o 
















ns 


w/Kff setup time 


4.U 
















ns 


W/K# hold time 


A Q 
















ns 


CACHES setup time 


A C\ 

4.0 
















ns 


UAUnbff hold time 


1 .U 
















ns 


LOCK# setup time 


a n 
4.0 
















ns 


LUCrxff nolo time 


n o 
U.o 
















ns 


oCYC setup time 


4.0 
















ns 


oCYC hold time 


U.o 
















ns 


AUoff setup time 


C Q 

o.o 
















ns 


a no# u^is-j 

AUoff hold time 


n o 

0.8 
















ns 


M/ivj7f setup time 


c o 
O.O 
















ns I 


K A l\r\44- Wss.XA iim^ 

M/iUff hold time 


n o 
O.o 
















ns 


Hi l # setup time 


o n 

o.O 
















ns 


hi I ft hold time 


^ n 
1 .0 
















ns 


HITM# ^ptun timp 

1 II 1 IVITT OulUy III 1 Iv 


6 0 
















nc 


HITM# hold time 


0.7 
















ns 


HLDA setup time 


6.0 
















ns 


HLDA hold time 


0.8 
















ns 


DPEN# valid time 




10.0 














CLK 


DPEN# hold time 


2.0 
















CLK 


D/P# valid delav fprimarv) 


1.0 


8.0 














ns 



Fig. 49E 



TCK frequency 




25 








25 






MH 

z 


TCK period 


40.0 








40.0 








ns 


TCK high time (>2v) 


14.0 








14.0 








ns 


TCK low time (<0.8V) 


14.0 








14.0 








ns 


TCK rise time (0.8V->2V) 




5.0 








5.0 






ns 


TCK fall time (2V-X3.8V) 




5.0 








5.0 






ns 


TRST# pulse width 


30.0 








30.0 








ns 



Fig. 49F 



TDI setup time 


5.0 








5.0 








ns 


TDI hold time 


9.0 








9.0 








ns 


TMS setup time 


5.0 








5.0 








ns 


TMS hold time 


9.0 








9.0 








ns 


TDO valid delay 


3.0 


13.0 






3.0 


13.0 






ns 


TDO float delay 




16.0 








16.0 






ns 


all outputs valid delay 


3.0 


13.0 






3.0 


13.0 






ns 


all outputs float delay 




16.0 








16.0 






ns 


all inputs setup time 


5.0 








5.0 








ns 


all inputs hold time 


9.0 








9.0 








ns 



Fig. 49G 



Operation codes 



L.8 


Load signed byte 


L.16.B 


Load signed doublet big-endian 


L 16 A B 


Load signed doublet aligned big-endian 


L.16.L 


Load signed doublet little-endian 


L.16.A.L 


Load sianed doublet alianed little-endian 


L.32.B 


Load sianed auadlet bia-endian 


L 32 A B 


Load sianed auadlet alianed bia-endian 


L 32 L 


Load sianed auadlet little-endian 


L.32.A.L 


Load sianed auadlet alianed little-endian 


L 64 B 


Load sianed octlet bia-endian 


L.64.A.B 


Load sianed octlet alianed bia-endian 


L.64.L 


Load sioned octlet little-endian 


L.64.A.L 


Load sianed octlet alianed little-endian 


L.128.B 


Load hexlet bia-endian 


L.128.A.B 


Load hexlet alianed bia-endian 

UVUU 1 IvAlwl UllMl IvU vlU wl IUIQI 1 


L.128.L 


Load hexlet little-endian 


L 128 A L 


Load hexlet alianed little-endian 


L.U.8 


Load unsianed bvte 


L.U.16.B 


Load unsianed doublet bia-endian 


L.U.16.A.B 


Load unsigned doublet aligned big-endian 


L.U.16.L 


Load unsigned doublet little-endian 


L.U.16.A.L 


Load unsigned doublet aligned little-endian 


L.U.32.B 


Load unsigned quadlet big-endian 


L.U.32.A.B 


Load unsigned quadlet aligned big-endian 


L.U.32.L 


Load unsigned quadlet little-endian 


L.U.32.A.L 


Load unsigned quadlet aligned little-endian 


L.U.64.B 


Load unsigned octlet big-endian 


L.U.64.A.B 


Load unsigned octlet aligned big-endian 


L.U.64.L 


Load unsigned octlet little-endian 


L.U.64.A.L 


Load unsigned octlet aligned little-endian 



Fig. 50A 



S I ction 



number format 


type 


size 


alignment 


ordering 


signed byte 




8 






unsigned byte 


U 


8 






signed integer 




16 32 64 




L B 


signed integer aligned 




16 32 64 


A 


L B 


unsigned integer 


U 


16 32 64 




L B 


unsigned integer aligned 


U 


16 32 64 


A 


L B 


register 




128 




L B 


register aligned 




128 


A 


L B 



Format 



op rd=rc,rb 
rd=op(rc,rb) 

31 24 23 18 17 12 11 6 5 0 

| L. MINOR | rd | rc | rb | op | 

8 6 6 6 6 



Fig. 50B 



Definition 

def Load(op,rd,rc,rb) as 
case op of 

L16L, L32L, L8, L16AL, L32AL, L16B, L32B, L16AB, L32AB, 
L64L, L64AL, L64B, L64AB: 
signed «- true 

LU16L, LU32L, LU8, LU16AL, LU32AL, LU16B. LU32B, LU16AB, LU32AB, 
LU64L, LU64AL, LU64B, LU64AB: 

signed <- false 
L128L, L128AL, L128B, L128AB: 

signed <- undefined 

endcase 
case op of 
L8, LU8: 

size <-8 

L16L, LU16L, L16AL, LU16AL, L16B, LU16B, L16AB, LU16AB: 
size <r- 16 

L32L, LU32L, L32AL, LU32AL, L32B, LU32B, L32AB, LU32AB: 
size <- 32 

L64L, LU64L, L64AL, LU64AL, L64B, LU64B, L64AB, LU64AB: 

size < 84 

L128L, L128AL, L128B, L128AB: 

size <- 128 

endcase 

Isize <- log(size) 

case op of 

L16L, LU16L, L32L, LU32L, L64L, LU64L, L128L, 
L16AL, LU16AL, L32AL, LU32AL, L64AL, LU64AL, L128AL: 
order <- L 

L16B, LU16B, L32B, LU32B, L64B, LU64B, L128B, 

L16AB, LU16AB, L32AB, LU32AB, L64AB, LU64AB, L128AB: 

order <r- B 
L8, LU8: 

order <- undefined 

endcase 



Fig. 50C 



c <- RegRead(rc, 64) 

b <- RegRead(rb, 64) 

VirtAddr <- c + (b66-lsize..O II 0 lsjze - 3 ) 

case op of 

L16AL, LU16AL, L32AL, LU32AL, L64AL, LU64AL, L128AL, 
L16AB, LU16AB, L32AB, LU32AB, L64AB, LU64AB, L128AB: 
if (C|size-4..0 * 0 th ©n 

raise AccessDisallowedByVirtualAddress 

endif 

L16L, LU16L, L32L, LU32L, L64L, LU64L, L128L, 
L16B, LU16B, L32B, LU32B, L64B, LU64B, L128B: 
L8.LU8: 
endcase 

m <r- LoadMemory(c,VirtAddr,size,order) 
a <- (m S i ze -i and signed) 128 ' slze || m 
RegWrite(rd, 128, a) 
enddef 

Exceptions 

Access disallowed by virtual address 
Access disallowed by tag 
Access disallowed by global TB 
Access disallowed by local TB 
Access detail required by tag 
Access detail required by local TB 
Access detail required by global TB 
Local TB miss 
Global TB miss 

Fig. 50C (cont) 



Operation codes 



L 1 8 

L.I . yJ 


Load immediate signed byte 


1 I 16 AB 


Load immediate signed doublet aligned big-endian 


L.I. 1 U.D 


Load immediate sianed doublet bia-endian 


1 1 Ifi A 1 

L.I.I U./-\.L 


Load immediate sianed doublet alianed little-endian 


1 1 1R I 

L.I. lu.L 


Load immediate sianed doublet little-endian 

UvU \J II 1 II 1 IwU ICI Iw wIVJI 1 w W UwWMIw V II III w w 1 IUIUI 1 


I I ^9 A R 

L.I .O^./A.D 


Load immediate sianed auadlet alianed bia-endian 


MOOD 
L.I.OZ.D 


I nari immediate sianed auadlet bia-endian 


L.I.O^.M.L 


Load immediate sianed auadlet alianed little-endian 


L.I. . L 


1 oad immediate sianed auadlet little-endian 

L»wCivJ II 1 II i ICUIQ IC Ol^l IvU ^uaUICl 1111117 C7I IVJICII 1 


I I f\A A R 
L.I.OH.AA.D 


1 oad immediate sianed octlet alianed bia-endian 

l.uuvj ii i ii i icvjiaic oiyi icu wv^viwv aiiyi icu u i y ui luiai i 


I I 64 R 


Load immediate sianed octlet bia-endian 

LwQU II 1 II 1 IwVIIQlw OIUI IvU Uwllwl UIU vl Iw ICI 1 1 


I I 64 A I 

L. I . Vy*T .rA. 1— 


Load immediate sianed octlet alianed little-endian 

&a.N^WiV4 II I II ( i \* \J 1 Vrfl WlM 1 IWV4 VWUwl 1 IwM II VII V w • IUIUI 1 


L.I. UT . L 


Load immediate sianed octlet little-endian ! 


I I 198 A R 

L.I. I /-O./A.D 


Load immediate hexlet alianed bia-endian 


I I 19ft R 
L.I.I £.\J . L> 


Load immediate hexlet bia-endian 

wwClVji II 1 II 1 IC VJ 1 CJ 1 IvAlvl wlU wl IVJIdl 1 


I I 19ft A L 

L.I. lt.CJ.AA.l_ 


Load immediate hexlet alianed little-endian 

IbwWNJ II 1 II I 1 1 I 1 1 \^ V (JIIMI IV^VjJ II VII \* IvilUI 1 


I I 198 I 

L.I . 1 _>O.L 


Load immediate hexlet little-endian 

UWOU II t II 1 IVVUIUlW 1 IWAIwl 1 1 V VI W Vy| IUIC4I 1 


1 1 U ft 

L.I. Li .O 


Load immediate unsianed bvte 

UUUVi II 1 II 1 IVyWiaiVy Wl UIVJI IVyU J l ^ 


1 1 U 16 A R 


Load immediate unsianed doublet alianed bia-endian 

bVUVJ II I II 1 IwUIUIV VJ 1 IvIHI 1 wU UV/VllVlwl v-lllVj^l IwVJ mIm w I IUIwII 1 


L.I.U.16.B 


Load immediate unsigned doublet big-endian 


L.I.U.16.A.L 


Load immediate unsigned doublet aligned little-endian 


L.I.U.16.L 


Load immediate unsigned doublet little-endian 


L.I.U.32.A.B 


Load immediate unsigned quadlet aligned big-endian 


L.I.U.32.B 


Load immediate unsigned quadlet big-endian 


L.I.U.32.A.L 


Load immediate unsigned quadlet aligned little-endian 


L.I.U.32.L 


Load immediate unsigned quadlet little-endian 


L.I.U.64.A.B 


Load immediate unsigned octlet aligned big-endian 


L.I.U.64.B 


Load immediate unsigned octlet big-endian 


L.I.U.64.A.L 


Load immediate unsigned octlet aligned little-endian 


L.I.U.64.L 


Load immediate unsigned octlet little-endian 



Fig. 51 A 



Selection 



number format 


type 


size 


alignment 


ordering 


signed byte 




8 






unsigned byte 


U 


8 






signed integer 




16 32 64 




L B 


signed integer aligned 




16 32 64 


A 


L B 


unsigned integer 


U 


16 32 64 




L B 


unsigned integer aligned 


U 


16 32 64 


A 


L B 


register 




128 




L B 


register aligned 




128 


A 


L B 



Format 



op rd=rc,offset 
rd=op(rc,offset) 

31 24 23 18 17 12 11 

f op j rd | rc | offset 

8 6 6 12 



Fig. 51 B 



Definition 

def Loadlmmediate(op f rd f rc f offset) as 
case op of 

LI16L, LI32L, LI8, LI16AL, LI32AL, LI16B, LI32B, LI16AB, LI32AB: 
LI64L, LI64AL, LI64B, LI64AB: 

signed <- true 
LIU16L, LIU32L, LIU8, LIU16AL, LIU32AL, . 
LIU16B, LIU32B, LIU16AB, LIU32AB: 
LIU64L, LIU64AL, LIU64B, LIU64AB: 

signed false 
LI128L, LI128AL, LM28B, LI128AB: 

signed <- undefined 

endcase 
case op of 

LI8, LIU8: 

size 8 

LI16L, LIU16L, LI16AL, LIU16AL, LI16B, LIU16B, LI16AB, LIU16AB: 
size «- 16 

LI32L, LIU32L, LI32AL, LIU32AL, LI32B, LIU32B, LI312AB, LIU32AB: 
size <r- 32 

LI64L, LIU64L, LI64AL, LIU64AL, LI64B, LIU64B, LI64AB, LIU64AB: 

size ^ 64 

LI128L. LI128AL, LI128B, LI128AB: 

size <- 128 

endcase 

Isize «- log(size) 

case op of 

LI16L, LIU16L, LI32L, LIU32L, LI64L, LIU64L, LI128L, 
LI16AL, LIU16AL, LI32AL, LIU32AL, LI64AL, LIU64AL, LI128AL: 
order <- LI 

LI16B, LIU16B, LI32B, LIU32B, LI64B, LIU64B, LI128B, 

LI16AB, LIU16AB, LI32AB, LIU32AB, LI64AB, LIU64AB, LI128AB: 

order <- B 
LI8, LIU8: 

order <- undefined 

endcase 



Fig. 51C 



c <- RegRead(rc. 64) 

VirtAddr <- c + (offsetf f- |size || offset || 0 lsize - 3 ) 
case op of 

LI16AL, LIU16AL, LI32AL, LIU32AL, LI64AL, LIU64AL, LI128AL, 
LI16AB, LIU16AB, LI32AB, LIU32AB, LI64AB, LIU64AB, LI128AB: 
if (cisize-4..0 * 0 then 

raise AccessDisallowedByVirtualAddress 

endif 

LI16L, LIU16L, LI32L. LIU32L, LI64L, LIU64L, LI128L, 
LI16B, LIU16B, LI32B, LIU32B, LI64B, LIU64B, LI128B: 
LI8. LIU8: 
endcase 

m <- LoadMemoryfc.VirtAddr.size.order) 
a «- (nrisize-1 and signed) 1 28-size jj m 
RegWrite(rd, 128, a) 
enddef 

Exceptions 

Access disallowed by virtual address 
Access disallowed by tag 
Access disallowed by global TB 
Access disallowed by local TB 
Access detail required by tag 
Access detail required by local TB 
Access detail required by global TB 
Local TB miss 
Global TB miss 

Fig. 51 C (cont) 



Operation codes 



S.8 


Store byte 


S.16.B 


Store double big-endian 


S.16.A.B 


Store double aligned big-endian 


S.16.L 


Store double little-endian 


S.16.A.L 


Store double aligned little-endian 


S.32.B 


Store quadlet big-endian 


S.32.A.B 


Store quadlet aligned big-endian 


S.32.L 


Store quadlet little-endian 


S.32.A.L 


Store quadlet aligned little-endian 


S.64.B 


Store octlet big-endian 


S.64.A.B 


Store octlet aligned big-endian 


S.64.L 


Store octlet little-endian 


S.64.A.L 


Store octlet aligned little-endian 


S.128.B 


Store hexlet big-endian 


S.128.A.B 


Store hexlet aligned big-endian 


S.128.L 


Store hexlet little-endian 


S.128.A.L 


Store hexlet aligned little-endian 


S.MUX.64.A.B 


Store multiplex octlet aligned big-endian 


S.MUX.64.A.L 


Store multiplex octlet aligned little-endian 



Fig. 52A 



S lection 



number format 


op 


size 


alignment 


ordering 


byte 




8 






integer 




16 32 64 128 




L B 


integer aligned 




16 32 64 128 


A 


L B 


multiplex 


MUX 


64 


A 


L B 



Format 



op rd.rc.rb 
op(rd,rc,rb) 

31 24 23 18 17 12 11 6 5 0 

j S.MINOR I rd | rc | rb | op | 

8 6 6 6 6 



Fig. 52B 



Definition 

def Store(op,rd,rc,rb) as 
case op of 
S8: 

size <- 8 
S16L, S16AL, S16B, S16AB: 

size 16 
S32L, S32AL, S32B, S32AB: 

size <- 32 
S64L, S64AL. S64B, S64AB, 
SMUX64AB, SMUX64AL: 

size <- 64 
S128L, S128AL, S128B, S128AB: 

size <r- 128 

endcase 
Isize <- log(size) 
case op of 
S8: 

order <- undefined 
S16L, S32L, S64L.S128L, 
S16AL, S32AL, S64AL, S128AL, SMUX64ALI: 

order <- L 
S16B, S32B, S64B, S128B, 
S16AB, S32AB, S64AB, S128AB, SMUX64ABI: 

order «- B 

endcase 

c <- RegRead(rc, 64) 

b <- RegRead(rb, 64) 

VirtAddr <- c + (b 6 6-lsize..O II 0 ,size " 3 ) 

case op of 

S16AL, S32AL, S64AL, S128AL, 

S16AB, S32AB, S64AB, S128AB, 

SMUX64AB, SMUX64AL: 

if (C|size-4..0 * 0 then 

raise AccessDisallowedByVirtualAddress 

endif 

S16L, S32L. S64L, S128L, 
S16B, S32B, S64B, S128B: 
S8: 
endcase 



Fig. 52C 



d «- RegRead(rd. 128) 
case op of 
S8, 

S16L, S16AL, S16B, S16AB, 
S32L, S32AL, S32B, S32AB, 
S64L, S64AL, S64B, S64AB. 
S128L, S128AL, S128B, S128AB: 

StoreMemory(c l VirtAddr l si2e l order,d S i ze -i..o) 
SMUX64AB, SMUX64AL: 

lock 

a <- LoadMemoryW(c,VirtAddr,size t order) 

m <- (di27..64 & d63..0) I (a & ^63..0> 
StoreMemoryfc.VirtAddr.size.order.m) 
endtock 

endcase 
enddef 

Exceptions 

Access disallowed by virtual address 
Access disallowed by tag 
Access disallowed by global TB 
Access disallowed by local TB 
Access detail required by tag 
Access detail required by local TB 
Access detail required by global TB 
Local TB miss 
Global TB miss 

Fig. 52C (cont) 



Operation codes 



S.1.8 


Store immediate byte 


S.I.16.A.B 


Store immediate double aligned big-endian 


S.I.16.B 


Store immediate, double big-endian 


S.I.16.A.L 


Store immediate double aligned little-endian 


S.I.16.L 


Store immediate double little-endian 


S.I.32.A.B 


Store immediate auadlet alianed bia-endian 


S.I.32.B 


Store immediate auadlet bia-endian 


S.I.32.A.L 


Store immediate auadlet alianed little-endian 


S.I.32.L 


Store immediate quadlet little-endian 


S.I.64.A.B 


Store immediate octlet aligned big-endian 


S.I.64.B 


Store immediate octlet big-endian 


S.I.64.A.L 


Store immediate octlet aligned little-endian 


S.I.64.L 


Store immediate octlet little-endian 


S.I.128.A.B 


Store immediate hexlet aligned big-endian | 


S.I.128.B 


Store immediate hexlet big-endian j 


S.I.128.A.L 


Store immediate hexlet aligned little-endian 


S.I.128.L 


Store immediate hexlet little-endian 


S.MUXI.64.A.B 


Store multiplex immediate octlet aligned big-endian 


S.MUXI.64.A.L 


Store multiplex immediate octlet aligned little-endian 



Fig. 53A 



Selection 



number format 


op 


size 


alignment 


ordering 


byte 




8 






integer 




16 32 64 128 




L B 


integer aligned 




16 32 64 128 


A 


L B 


multiplex 


MUX 


64 


A 


L B 



Format 



S.op.l.size.align.order rd,rc,offset 
sopisizealignorder(rd,rc,offset) 

31 24 23 18 17 12 11 0 

r op I rd | rc | offset I 

8 6 6 12 



Fig. 53B 



Definition 



def Storelmmediate(op,rd t rc f offset) as 
case op of 
SI8: 

size <- 8 
S116L, SI16AL, SI16B, SI16AB: 

size <- 1 6 
SI32L, SI32AL, SI32B. SI32AB: 

size <- 32 

SI64L, SI64AL, SI64B, SI64AB, SMUXI64AB, SMUXI64AL: 

size <- 64 
SI128L, SI128AL, SI128B, SI128AB: 

size <- 128 

endcase 
Isize <- log(size) 
case op of 
SI8: 

order <- undefined 
SI16L. SI32L, SI64L, SI128L, 
SI16AL, SI32AL, SI64AL, SI128AL, SMUXI64AL: 

order L 
S116B, SI32B, SI64B, SI128B, 
SI16AB, SI32AB, SI64AB, SI128AB, SMUXI64AB: 

order B 

endcase 

c <~ RegRead(rc, 64) 

VirtAddr <- c + (offsetff- ,size || offset || 0 ,size " 3 ) 
case op of 

SI16AL, SI32AL, SI64AL, SI128AL, 
SI16AB, SI32AB, SI64AB, SI128AB, 
SMUXI64AB, SMUXI64AL: 
if (cisize-4.,0 * 0 then 

raise AccessDisallowedByVirtualAddress 

endif 

SI16L, SI32L, SI64L, SI128L, 
SI16B, SI32B, SI64B, SI128B: 
SI8: 
endcase 



Fig. 53C 



d <- RegRead(rd, 128) 
case op of 
SI8. 

SI16L, SI16AL, SI16B, SI16AB, 
SI32L, SI32AL, SI32B, SI32AB. 
SI64L, SI64AL, SI64B, SI64AB, 
SI128L, SI128AL, SI128B, SI128AB: 

StoreMemory(c,VirtAddr 1 size l order,d S i ze -i..o) 
SMUXI64AB, SMUXI64AL: 

lock 

a <r- LoadMemoryW(c ? VirtAddr t size,order) 
m <r- (di27..64 & d63..o) I (a & ^63..o) 
StoreMemory(c,VirtAddr,size,order t m) 
endiock 

endcase 
enddef 

Exceptions 

Access disallowed by virtual address 
Access disallowed by tag 
Access disallowed by global TB 
Access disallowed by local TB 
Access detail required by tag 
Access detail required by local TB 
Access detail required by global TB 
Local TB miss 
Global TB miss 

Fig. 53C (cont) 
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